
.... 5"3.-) jikJJ-(

Lo- LTECHNICRALTREPORT

SRECORDED SIMULATION CONTROL SCHEME

•• USER'S MANUAL

i ~VOLUME II•

i ~January 1978

S S

TABRAIRYQ

T" TECHNICALRL.RR

IL I
VOMNCE COPY

TECH r%.%AL LIBRARY.='
RFRNE Cop by FOSTE•R-MILLER ASSOCIATES, INC.:

A.rB. Boghani

•" ~R. B. Fish,

S S

: ~Approved for public release;,
' ~distribution unlimited.

U.S. ARMY TANK-AUTOMOTIVEL,,
RESEARCH AND DEVELOPMENT COMMAND

Warren, Michigan 48090

.2 0 S21



The fipdings in this report are not to be
construed as an official Department of the
Army position, unless so designated by other
authorized documents.

The citation of commercial products
in this report does not constitute
an official indorsement or approval
of such products.



TECHNICAL REPORT NO. 12347

RECORDED SIMULATION CONTROL SCHEME

USER'S MANUAL

VOLUME II

A.B. Boghani
R.B. Fish

January 1978

Prepared under Contract No. DAAK30-76-C-0004

by

Foster-Miller Associates, Inc.
135 Second Avenue

Waltham, Massachusetts 02154

for

U.S. Army Tank-Automotive Research and Development Command
Warren, Michigan



BL.ANK PAGE



TABLE OF CONTENTS

Page

1. INTRODUCTION 1

2. STEP 1: AXLE DISPLACEMENT RECORD FROM VEHICLE
AND TERRAIN SPECIFICATIONS 5

2. 1 Dynamic Vehicle Simulation Program 7

2.2 User Instruction 15

2. 3 Illustrative Example 30

3. STEP 2: SHAKER INPUT SIGNALS FROM AXLE
DISPLACEMENT RECORDS 53

3.1 Control System 55

3. 2 User Instructions 60

3.3 Illustrative Example 65

APPENDIX A - DETAILS OF THE VEHICLE SIMULATION
PROGRAM 69

A. 1 Principal Nomenclature 69

A. 2 Subroutine Description 80

A. 3 Associated Programs 108

A. 4 Listing oi the Simulation Program 123

APPENDIX B - DETAILS OF THE CONTROL SYSTEM 156

B. 1 Principal Nomenclature 156

B. 2 Computer Programs 158

B. 3 Program Generation Details 170

B.4 Data Storage Formats 176

REFERENCES 178

iii



LIST OF ILLUSTRATIONS

Figure No. Page

1 Recorded Simulation Control Scheme z

2 Implementation of the Recorded Simulation
Control Scheme 3

3 Details of the First Step of the Recorded
Simulation Control Scheme 6

4 Formulation of Vehicle Model 8

5 Main Program - Subroutine Interaction 11

6 Damping Models 18

7 Force Characteristics of Suspension Springs,
Frame Stops and Tire 23

8 Typical Design Curves for Tire 25

9 Details of the Second Step of the Recorded
Simulation Control Scheme 54

10 Schematic Diagram of the Control System
Hardware 56

11 PACER-100 Control Panel 59

12 Comparison of the Simulation and the Controller
Outputs for the Front Axle Displacement 66

13 Comparison of the Simulation and Controller
Outputs for the Middle Axle Displacement 67

14 Comparison of the Simulation and the Controller
Outputs for the Rear Axle Displacement 68

A-1 Reading the Terrain Profile in Phases 83

A-2 Parameters for the Rigid Tread Band Model 87

A-3 Sector Calculations for the Adaptive Footprint
Model 97

A-4 Tire Sector in Partial Contract 102

A-5 Tire Forces in Adaptive Footprint Model 104

B-I File Builder Program Flow Chart 159

B-2 Control Program Flow Chart 166

B-3 Program Generation Sequence 171

iv



LIST OF TABLES

Table No. Page

1 Specifications of the Computer Program 7

2 Summary of Basic Tire Models 9

3 List of Variables Available for Plotting 21

4 Control System Hardware 57

A-1 A Summary of Subroutine Functions 81

A-2 Conversion of General Tire Variables to
Specific Variables 96

v



BL.ANK PAGE



1. INTRODUCTION

Recorded Simulation Control Scheme is a method of generating input

signals for vehicle shake tests performed in laboratory. In this scheme a

computer program is used to simulate operation of the vehicle being tested

over a terrain of interest. The simulation results create axle displacement

records which are stored in memory of a control system. At the time of

shake test, these records are played back to generate axle displacement sig-

nals. Thus the scheme involves two distinct steps of operation; (a) creating

axle displacement records, and (b) generating shaker input signal, as shown

in Figure 1.

There are several ways of implementing the recorded simulation con-

trol scheme, with the same basic approach of recording the computer gener-

ated axle displacement signals and playing them back at the time of shake

test. The implementation scheme selected in this effort is shown in Figure 2.

As shown in the figure, the axle motion records are generated by dynamic

vehicle simulation computer program. Data necessary to execute the pro-

gram include:

a. Vehicle data (mass, CG location, wheel base, etc.)

b. Operation data (terrain profile and speed of operation).

The axle displacement records generated by the simulation are stored

on paper tapes and transferred to magnetic disc of a digital controller through

adequate software. The data stored on the magnetic disc are retrieved at the

time of running the shake test, and the digital signals are converted to analog

signals using a bank of digital to analog signal convert'zrs. The analog sig-

nals are then fed to the shaker through appropriate filters and amplifiers.

The records stored on the discs typically last less than a minute in

real-time; therefore, the same records are repeated until the testing is

completed. Also, the simulation program is executed each time the vehicle

test parameters (terrain profile, speed, load) are changed and the axle dis-

placement records on the discs are updated to show the changes.



Veil Dynamic Al

and Vehicle
SimulationReod

Step 1: Creating Axle Displacement Records

Records System -:

Step 2: Generating Shaker Input Signals

Figure 1. Recorded Simulation Control Scheme
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This manual describes both steps of the recorded simulation control

scheme. Section 2 deals with creating axle displacement records from the

specifications of vehicle and terrain, whereas Section 3 discusses the con-

trol system which converts the records to shaker input signals. Instructions

on how to execute both the steps are given along with appropriate illustrative

example s.
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2. STEP 1: AXLE DISPLACEMENT RECORDS FROM
VEHICLE AND TERRAIN SPECIFICATIONS

This chapter deals with the first of two steps involved in implementing

the recorded simulation control scheme. The details of the first step are

illustrated by Figure 3. As shown in the figure, the input to the first step is

in form of specifications for the vehicle and operation, where the vehicle

specifications include parameters such as dimensions of the vehicle, spring

constants of the suspensions, and weights of the components. The operation

specifications, on the other hand, include details of the terrain profile and

speed of the vehicle. If the profile of the terrain is not known, its roughness

parameter is sufficient to generate a random profile using an associated

program, GRND, described in Appendix A. 3.

The vehicle data and terrain profile are fed to the dynamic vehicle

simulation program to obtain simulation results. The output of the program

is in many forms, as shown in the figure. The printout summarizes the

input parameters and the dynamic simulation results. The simulation results

are in form of values of the key vehicle variables listed as a function of time.

The program also can generate plots of the variables, either versus time or

versus horizontal vehicle displacement. The axle displacement results

generated by the simulation program are punched on cards and they can sub-

sequently be transferred to paper tapes which store data in standard ASCII

format. As an option available to the user, the output of some of the vari-

ables can be stored on a tape for future statistical processing by an associated

program, SPEC, described in Appendix A. 3.

The rest of this section deals with the dynamic vehicle simulation

program.

The operation of the program is described in Section 2. 1. Section 2.2

deals with instructions on how to use the program and Section 2.3 illustrates

the use with an example. Details of the subroutines, program nomenclature,

associated programs (GRND and SPEC) and listing of the program are in

Appendix A.
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Z .1 Dynamic Vehicle Simulation Program

The terrain-tire-vehicle model developed in reference I is incorporated

in a computer program with specifications summarized in Table 1. The

program simulates operation of a vehicle, shown schematically in Figure 4,

over a given terrain at a given speed. In the diagram describing the vehicle

model, the tire models are not shown because the program offers a choice

of four tire models. These models are briefly described in Table 2. For

details of the vehicle and the tire models, the user is advised to read ref-

erence 1.

Table 1. Specifications of the Computer Program

Language: FORTRAN IV

Compiler: Run (Control Data)

Core Used: 70K Octal

Additional Requirements: CAL COMP Subroutines

Plotter

Card Punch

Paper Tape Punch*:-

For a typical vehicle simulation over 500 feet of terrain:

Using Any of The Using
First Three Tire Adaptive Footprint

Models Tire Model

Typical
CPU time 100 sec 1762 sec
on CDC 6400

Typical cost $18 $58
(government rate)

*Required if the control system needs the axle displacement records on
paper tapes.

7



(a) M-809 Truck

--Torque Rod

Rear Spring

Bogie Pivot

Torque Rod

(b) M-809 Rear Suspension
Bogie Connection' Huli C L3 ._i s

Dry Friction Viscous Damping B3 a
Damping Hull Plane 3Bogie 3

•.B K CG StI

2f K B 3 tgap_

SB 2v Stop M3 L 4 Unloaded)

• Tire Tire 1 •Tire

Model .Model Model

Ground Profile

(c) The Model of the Vehicle

Figure 4. Formulation of the Vehicle Model
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The computer program incorporates the terrain-tire-vehicle model to

simulate operation of the vehicle through the following five steps:

a. Vehicle parameter input

b. Profile data input

c. Initial condition calculation

d. Dynamic simulation

e. Plotting variables.

These steps are executed by the program through a number of sub-

routines. The usage of subroutines, each of which performs a specific func-

tion, makes the program modular in structure so that it can be modified just

by changing the relevant subroutines and keeping the rest of the program

untouched. The manner in which the main program interacts with the sub-

routines is shown in Figure 5. How this interaction performs the above

five steps is described in the following-

a. Vehicle Parameter Input

Execution of the program begins by calling subroutine PROGIO

which reads the input data for the vehicle and the tire models through three

subroutines, IOLAB, IOLABD and IOLAB2. The data is in form of data

cards with an alphanumeric description of the parameter, its value and the

unit. This description for each data card is printed as soon as it is read.

The parameters which are not in consistent units are then converted in the

main program just after calling PROGIO.

b. Profile Data Input

Profile data consist of elevations of a random profile, with an rms

value of 1 foot, generated by one of the associated programs, GRND, which

is described in Appendix A. This profile data are read by subroutine

PROFILE. Because the program may simulate vehicle operation on an end-

less profile, all the profile data are not read at once. Initially only as much

profile is read as the program dimensions can absorb. Then the simulation

10



Subroutines Main Program

EStart

IOLABý PROGIO.

IOLABD
Step a

IOLABZ

Data
Conversion

RTREAD PROFILE
(ITIRE=2)

FPRINT IStep b

(ITIRE=3)

APRINT
(ITIRE=4)

Initial
Condition Step c
Calculations

ITIRE = Tire Model Number

1 Point Contact
Z Rigid Tread Band
3 Fixed Footprint
4 = Adaptive Footprint

Figure 5. Main Program - Subroutine Interaction
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Subroutine s Main Program

STEQU

ADAPT
(ITIRE=4) DYSYS

POINTC -STEQU - RKDIF
(ITIRE=l, 2, 3)

ADAPT- ADORG
(ITIRE=4) Stepd

SUSP

BOGIE

RTREAD -PROFILE
(ITIRE=Z)

FPRINT
(ITIRE=3)

PSTORE

SECOND

INITPLT
* Step e

* CALCOMP Subroutines PLOT
** System Subroutine

(Not in the Source Deck)

Scale -- VPLOTS

Axis
Number

Line 1
Plot FIN

Figure 5. Main Program - Subroutine Interaction
Continued
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is carried out over that part of the profile. At the end of that profile part,

another profile length is read in by PROFILE, and the process is repeated.

The profile thus read in is filtered by subroutine RTREAD if the

rigid tread band tire model is being used and by subroutine FPRINT if the

fixed footprint model is being used. The profile is then converted to a pro-

file with the user specified rms value (the input profile has an rms value of

I foot).

c. Initial Condition Calculations

From the data of the terrain on which the vehicle initially rests,

the initial conditions of all the state variables are calculated in the main

program.

d. Dynamic Simulation

Integration of the state equations to determine time histories of

the state variables is coordinated by subroutine DYSYS. The subroutine calls

subroutine STEQU in the beginning to initialize values of the state variable

derivatives. Subroutine ADAPT is called next, if the adaptive tire model is

being used, to determine the initial elevation of the tire center. After these

initial calls, subroutine DYSYS executes the integration process by calling

subroutine RKDIF at each time steps. Subroutine RKDIF incorporates a

fourth order Runge-Kutta algorithm to numerically integrate the state equa-

tions. Through integration it updates the values of the state variables (dis-

placements, velocities of the vehicle component) at each time step.

The state equations are programmed in subroutine STEQU, which

is called four times at each time step by subroutine RKDIF. These state

equations are differential equations describing the heave-pitch motions of the

vehicle and its components. In order to determine updated values of the

derivatives, subroutine STEQU calls subroutine POINTC, if any of the first

three tire models (point contact, rigid tread band or fixed footprint) are

being used. In case of the adaptive footprint tire model, however, subrou-

tine ADORG (and through ADORG, subroutine ADAPT) is called instead of

13



POINTC. These subroutines calculate the forces exerted by the tires.

Forces exerted by the suspension are determined by calling subroutine SUSP,

whereas those exerted by the bogie are determined from subroutine BOGIE.

From updated values of forces thus obtained, the values of derivatives are

calculated by subroutine STEQU, from which, in turn, the updated values of

the state variables are calculated by subroutine RKDIF.

Subroutine DYSYS generates outputs from the results of numerical

integration in the following manner

(1) The values of the key vehicle variables are printed after MM

(user selected) time steps.

(2) The values of time: and front, middle and rear axle displace-

ments: are punched at each time step. The punched records

can be converted to those on paper tapes according to the

equipment availability at the user's installation.

(3) If plotting of certain variables is desired, subroutine PSTORE

is called to store the variables to be plotted. The plots are

then produced by subroutine VPLOTS.

(4) If statistical processing option is to be exercised, additional

cards are required by subroutine DYSYS (as described in

Appendix A. 3) for storing the variables on magnetic tape.

Numerical integration is halted when additional profile data is to

be read. Subroutine PROFILE is called and with the new profile data the

the integration is resumed. The process is repeated until the end of the

profile is reached. The execution is then moved to the next step. During

the simulation, subroutine SECOND keeps track of the execution time.

14



e. Plotting Variables

If the user requires some of the variables to be plotted, CALCOMP

subroutines INITPLT and PLOT are called to initialize the plotter. Subroutine

VPLOTS is then called to create 6 by 5 inch plots of the variables versus time

(or displacement as requested by the user). The plots are created using

CALCOMP subroutines SCALE, AXIS, NUMBER, LINE and PLOT, which are

called by subroutine VPLOTS. Plotting is termined by subroutine DYSYS

through CALCOMP subroutine FIN.

After producing the plots, the program is terminated.

2.2 User Instructions

2.2.1 Program Input

The program obtains input through data cards. There are two

main categories in which the data cards can be divided:

(1) Vehicle-tire parameters

(Z) Terrain data.

The vehicle-tire parameters category includes masses of the

vehicle components, stiffness of the suspensions, tire characteristics, etc.

The terrain data is in form of ground elevation readings at a fixed horizontal

distance. There is no limit to the length of the profile over which the simu-

lation can be carried out. Also, if profile elevation data are not available,

associated program GRND (described in Appendix A. 3) can be executed to

generate such data.

In the following pages the data cards necessary to execute the

program are listed. The numerical values in these data cards are to be

placed within the 'F', 'I' or 'E' format. The 'A' fields are used to provide

parameter name and units, and other descriptive legends for user convenience.

15



DATA CARDS

General Description Data

Card No. Contents Format

1-6 Header cards (the user can print a 80Al
heading using these cards)

7 Vehicle type 80AI

8 Tire type 80AI

9 Terrain No. 80A1

10 Tire model no., ITIRE 40A1, 15
ITIRE = 1 Point contact model

= 2 Rigid tread band model
= 3 Fixed footprint model
=4 Adaptive footprint model

11 Vehicle speed, V (mph) 30AI, Fl0* 4, 1 OA1

12 Profile rms, yrms (in.) 30A1,FI0.4,1OAl
(see Note 1)

Vehicle-Tire Parameters (See Figure 4)

Vehicle Frame Parameters

13 Header card 80AI

14 Mass of hull, Mh (slugs) 30A1,Fl0"4,1OA1

15 Mass of bogie, Mb (slugs) 30A1,FI0"4,IOAI

16 Front unsprung mass, each, 30A1,F10.4,1OAl
MZ (slugs)

17 Middle unsprung mass, each, 30A1,F10"4,1OA1
M 3 (slugs)

18 Rear unsprung mass, each, 30A1,F10.4,10Al
M 4 (slugs)

19 Pitch inertia of hull, Ih (slug ft2 ) 30A1, F10"4, 10A1

20 Pitch inertia of bogie, Ib (slug ft 2 ) 30A1, F10.4, OA1

16



21 Horizontal distance between front 30A1, F10"4, IOAI
suspension and hull CG, LZ (ft)

22 Horizontal distance between bogie 30AI, F10"4, lOAl
connection and hull CG, L 3 (ft)

Z3 Height of hull CG from hull plane, 30AI, Fl0" 4, 1OAI
GG (ft)

24 Vertical distance between bogie 30AI, F10- 4, 1 0Al
connection and hull plane, S34 (ft)

25 Horizontal distance between bogie 30AIF10" 4, 1OAI
connection and front stop, S fs (ft)

26 Horizontal distance between bogie 30A1, FI0" 4, 1OAI
connection and rear stop, Sbs (ft)

27 Vertical distance between bogie 30A1,FI0"4, IOAI
connection and bogie CG, Sb (ft)

28 Half bogie length, a (ft) 30AI, F10"4, 1OAI

29 Stop size, h (ft) 30AIF10"4,10AIs

30 Stiffness factor, bogie - stop, 30A1,FIO.4,10AI
K stop(see Note 2)

31 Stiffness factor, bogie - hull, 30A1,F10"4, 1OAI
Hstop (see Note 2)

32 Unloaded clearance between frame 30A1, F10 4, 1OAI
stops and bogie, St (ft)

gap

Suspension Parameters (See Note 3)

33-34 Header cards 80AI

Front Suspension

35 Stiffness, K2 (lb/ft) 30A1,FI0" 4, 1OAI

36 Viscous damping constant (jounce), 30A1, F10 4, 1OAl
B vj (lb. sec/ft) (See Figure 6)

37 Viscous damping constant (rebound), 30A1,F10- 4, iOAI
B 2vr(lb. sec/ft) (See Figure 6)

38 Jounce travel, Jn 2 (ft) 30AI,FI0-4,1OAI

39 Rebound travel, Rb2 (ft) 30AI, F10.4, 1OAl

17



F'o rce Force5 percent of Slope - Damping

Instantaneous Spring Constant, B vjon sZtjK Force

Velo city Velo city

S. ._Slope - Damping
5 percent of Constant, B2 vr

Instantaneous
Spring Force

(a) Dry Friction Damping (b) Shock Absorber Damping

Figure 6. Damping Models
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Middle and Rear Suspensions

40 Header card 80AI

41 Stiffness, K13 (lb/ft) 30AI, F10 4, 1OAl

42 Jounce travel, Jn 3 (ft) 30AI, F10 4, 1OAl

43 Rebound travel, Rb 3 (ft) 30A1, F 0" 4, 1 OA1

44 Stop stiffness factor, n (ft) 30A1,FI0"4, lOAI
(See Note 2)

Tire Parameters

45 Header card 80AI

46 Tire stiffness, K (ib/ft) 30A1,FI0*4,1OAI
(See Note 4)

47 Tire damping constant, b 30A1, FI0" 4, 1OA1
(lb. sec/ft) (See Note 5)

48 Tire radius, r (ft) 30AI, Fl0.4, 1OAl

49 Tire footprint length, L (ft) 30AI, Fl 0 4, 1 0Al
(See Note 4)

50 Tire distributed (cubic) stiffness, 30AI, F10.4, IOA1
k" (lb/in. 3 ) (See Note 6)

51 Tire distributed (cubic) damping, 30AM, F104, 1OAI

b" (lb. sec/ft3 ) (See Note 6)

5Z Tire inflation pressure, pi (psi) 30A1, FI0. 4, 1 OAI

53 Tire deflection limit, T, (ft) 30A1, FI0" 4, 1 OAl

54 Tire stiffness factor, Tstif 30AI,Fo. 4,1OA1
(See Note 2)

Simulation Data

Printout Card

55 MM, where the dynamic results are 40AI, 15
printed at every MM time steps

19



Plot Card

56 (JPLT(K), K=l, 40),IXAX, PLSTR, PLSTP 41I1,9X,Z FI0"3

Column Explanation

1-40 Punch I in the Kth column if
Kth variable is to be plotted
(See Table 3). Eight
variables maximum.

41 IXAX=0, If X axis on plots is
distance travelled (XREAR)
IXAX=I, If X axis is time

51-60 Distance travelled at the first
point of the plot (as measured
by rear wheel center horizontal
displacement)

61-70 Distance travelled at the last
point of plot (as measured by
rear wheel center horizontal
displacement)

Terrain Data

57 (1) Fixed horizontal distance between the F10"2, 15
data points, dx (ft)

(2) Total number of data points, JMAX

58 Terrain elevation data, in ten columns, 8El 0" 3
and eight on each card (ft).
onwards TER(J), J=l, JMIAX

Note 1: This assumes that the terrain profile used in the illustrative

simulation has been generated by an associated program, pro-

gram GRND described in Appendix A. 3. This profile has an

rms (root means square) elevation value of I foot. A profile

with a different rms value, but with a similar spectral density

can be obtained by simply multiplying the generated profile by

the rms value supplied by the user through this data card. If,

however, a terrain profile with correct rms value is already

available to the user, either through experimental results or

through some other terrain generating program, this data card

20



Table 3. List of Variables Available for Plotting

Variable Program
Number Variable Symbol Dimension

I Hull pitch angle THETA degree

2 Hull pitch velocity DTHETA degree/sec

3 Bogie pitch angle PHI degree

4 Bogie pitch velocity DPHI degree/sec

5 Hull CG displacement YO ft

6 Hull CG heave velocity DYO ft/sec

7 Front axle displacement YWZ ft

8 Front axle heave velocity DYWZ ft/sec

9 Middle axle displacement YW3 ft

10 Middle axle heave velocity DYW3 ft/sec

11 Rear axle displacement YW4 ft

12 Rear axle heave velocity DYW4 ft/sec

13 Front tire force (vertical) FVZ/WTR2 Dimensionless
(expressed as fraction of the
equilibrium force)

14 Middle tire force (vertical) FV3/ZWTR3 Dimensionless

15 Rear tire force (vertical) FV4/ZWTR4 Dimensionless

16 Front tire force (horizontal) FHZ /WTRZ Dimensionless

17 Middle tire force (horizontal) FH3/ZWTR3 Dimensionless

18 Rear tire force (horizontal) FH4/ZWTR4 Dimensionless

19 Front suspension force (vertical) FY2 lb

20 Middle suspension force (vertical) FSY3 lb

21 Rear suspension force (vertical) FSY4 lb

22 Front ground elevation (effective) YZ ft

Z3 Middle ground elevation (effective) Y3 ft

24 Rear ground elevation (effective) Y4 ft

25 Bogie CG elevation YB ft

26 Hull CG acceleration DZYO ft/sec2

27 Front suspension displn. DELZ ft

Z8 Middle suspension displn. DEL3 ft

29 Rear suspension displn. DEL4 ft

30 Original terrain profile OTER(KPHS) ft
(as seen by the rear tires)

31 Effective (filtered) profile TER(KPHS) ft
(as seen by the rear tires)

21



should have a value of 12.0 inch, so that the terrain rms value

is not readjusted in the program.

Note 2: Stiffness factor is defined as a factor by which the normal

stiffness should be multiplied to simulate a hard contact. Thus,

when the suspension exceeds its jounce or rebound limits, its

stiffness gets effectively multiplied by a factor n, as shown in

Figure 7. Similarly when the tire deflection exceeds the limit,

Tp, its stiffness gets multiplied by factor Tstif (see Figure 7 (cont)).

For the frame stops, the situation is different, because unless

the gap between the stop and the bogie becomes zero, there is

no force acting on the bogie and hence the stiffness factor, when

the contact does occur, has to be keyed to some other stiffness.

This stiffness chosen is the suspension stiffness for the middle

and the rear suspensions. Thus, the stiffness of the stop is

K3 Kstop, as shown in Figure 7. In extreme case, when the

bogie touches the hull, the effective stiffness is K3 " Hstop*

Note 3: One of the missing parameters in the suspensions data is dry

friction coefficient, which is extremely difficult to model.

Initial experiments at TARADCOM have indicated that a force

value equal to 5 percent of the instantaneous spring force which

opposes the velocity describes the dry friction approximately.

Note 4: Typical design curves supplied by the tire manufacturer are

shown in Figure 8. From such a curve, knowing the equili-

brium load, W, and inflation pressure, pi (PRESS), equilibrium

deflection, YST, can be determined. Inverse of the slope of the

curve at point A will give the stiffness value k. The following

equation determines footprint length, L.

L -2r sin osI (r-YST

where r is radius of the tire. The user should refer to reference

2 for details on tire stiffness.
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Force

Slope = Stop Stiffnes s,
nK

Rebound
Clearance, Rb

l-I Deflection

Jounce

Clearance, Jn

Slope = Spring Stiffness, K

Slope = Stop Stiffness,nK
General to Specific Variables

Suspension

Front Middle Rear
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Figure 7. Force Characteristics of Suspension Springs,
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Figure 7. Force Characteristics of Suspension Springs,
Frame Stops and Tire (Continued)
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Note 5: Data on tire damping are relatively scarce. Typical experimen-

tal results on tire damping have indicated the damping ratio, ,

to be in a 0.03-0. 08 range. For the illustrative simulations in

this report a mean value of -=0.05 has been assumed. From

t, the damping constant b can be determined from the following

relation

b=Z km m

where m is the mass of the tire in slugs and k is the stiffness

in lb/ft. More details on the tire damping are available in

reference 2.

Note 6: The value of the distributed (cubic) stiffness of tire, which is

used in the adaptive footprint model, k", can be evaluated by

considering deflection at the equilibrium condition:

w - pi A

B (Z (YST-r)2 I +sin e
Br sine° -__ in

0 2 0))in I

where B = effective width of the tire - A/L

A = effective footprint area at equilibrium obtained
from Figure

S= co S1l(r -YST)
r

w = equilibrium force on the tire.

The cubic damping coefficient, b", is evaluated from the tire

damping coefficient, b:

b
ZBrO

0
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2.2.2 Program Output

The program generates outputs in three forms-

a. Printout

b. Plotter output

c. Punch output

The fourth form of output, i. e. , magnetic tape for statistical

processing of the stored variables, is optional and the user is referred to

Appendix A. 3 for more details.

2.2.2.1 Printout

a. The Input Parameters

All the vehicle parameters read from the data cards are listed

with the appropriate units.

d. Dynamic Simulation Results

Values of the following variables after every MM (user supplied)

time steps* are printed-

NO. Serial Number

TIME Time elapsed from beginning of the simulation (sec)

FV2 Vertical force from each of the front tires (lb)

FV3 Vertical force from each pair of the middle tires (lb)

FV4 The above for rear tires (lb)

FH2 Horizontal force from each of the front tires (1b)

FH3 Horizontal force from each pair of the middle (lb)
tires

FH4 The above for the rear tires (lb)

YW2 Front axle displacement (ft)

YW3 Middle axle displacement (ft)

YW4 Rear axle displacement (ft)

*'The time steps are such that the vehicle advance by a distance dx at each
step. See Data Card No. 57 for the value of dx.
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YO Hull CG displacement (ft)

THETA Hull pitch angle (degrees)

PHI Bogie pitch angle (forward pitch is positive) (degrees)

DEL2 Front suspension deflection (zero when unloaded) (ft)

DEL3 Middle suspension deflection (zero when (ft)
unloaded)

DEL4 Rear suspension deflection (zero when unloaded) (ft)

Y2 Terrain elevation under front wheel center (ft)

Y3 Terrain elevation under middle wheel center (ft)

Y4 Terrain elevation under rear wheel center (ft)

YB Bogie CG displacement (ft)

FY2 Front suspension force (lb)

FSY3 Middle suspension force (lb)

FSY4 Rear suspension force (lb)

FFS Front stop force (lb)

FBS Rear stop force (lb)
D2Y0 Hull CG acceleration (ft/sec2 )
D2YB Bogie CG acceleration (ft/sec2 )

DZYW2 Front axle acceleration (ft/sec2 )

D2YW3 Middle axle acceleration (ft/sec2 )

DZYW4 Rear axle acceleration (ft/sec2 )

D2THETA Hull pitch angular acceleration (rad/secz)

D2PHI Bogie pitch angular acceleration (rad/sec2 )

At the end of the simulation, the total computation time needed for

the simulation, and to the total number of steps executed are written. A

typical printer output appears in Section 2.3.

2.2.2.2 Plotter Output

Plotter output depends on the information supplied by the user

on card no. 56. Any of the 31 variables summarized in Table 3 can be

plotted against distance travelled or time. Additional variables, up to a

total of 40 variables, can be plotted by simply adding them to the list in

subroutine PSTORE. Care should, however, be taken to make the additional

variables available to the subroutine PSTORE through COMMON statements.
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The plots are self-scaled and of 6 x 5 inches in size. They

have a variable number written on their Y axis which is keyed to the number

in Table 3. A typical plot is shown in Section 2. 3.

2.2.2.3 Punched Output

The program generates punched output of the Lime and axle

displacement data for use in creating records of shaker input signals. The

variables are punched in the following order and format:

Variables Format

Two sets of:

Time, YW2 (front axle displacement), F7"4, 3F8" 5,

YW3 (middle axle displacement), F7- 4, 3F8 5

and YW4 (rear axle displacement)

At the end of the output, the program punches a series of

minus ones to indicate end of the record to the control system in the second

step (see 3. 2.1). The punched output can later be converted to those on

paper tapes according to equipment availability at the user's installation.

If the paper tape size is not large enough to include the complete record,

the transfer can be continued on the second paper tape by punching a series

of minus ones at the end of the first tape.

2.2. 3 Diagnostic Message

If the length of the terrain supplied by the user is insufficient,

the program terminates with a diagnostic message "TERRAIN LENGTH

INSUFFIC TENT".

In such a case, the terrain length has to be increased to at

least the length of the truck.
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2. 3 Illustrative Example

The computer program is used to simulate operation of a loaded M-809

truck operating at 18 mph over a 500 foot long track of 1 inch rms roughness.

The program employs the point contact model to simulate the operation and

the terrain elevation data used in the simulation have been obtained from the

associated program, GRND, described in Appendix A. 3. The following

lists these terrain data along with the vehicle and tire data used to execute

the simulation. The output of the program is in three forms: a. printout,

b. plots, and c. punched card deck (axle displacement records). Of these,

the printout and plots are included in this section. The punched deck con-

tains the same information as that shown in the plots.
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Input: Data Cards (Card 1 to 57) (See 2.2.1)

a r l7

S I II0

3: LU~-
ii 0Iv ~

-6 -Z ct X 1- 0-VV A (
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L2Ui i I

000
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Input: Data Cards (Card No. 58 and onwards)

0~~ 005. 000000000a-...

0 04000000000000

0r 0 000 0 0000 00
0 00 0 0 0 0 0 W "t o 4 o 0
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000- 00000000000.%I
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0- P. 'n 4 WC' 'C O 0 lfl'Ca
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Output: Printout (the input paramete~r) (See 2.2. Z. 1)
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Output: Printout (first page of dynamic simulation results)
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Output: Printout (last page of dynamic simulation results)
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Output: Plots (See 2. 2. 2. 2)
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ADDITIONAL INFORMATION

The simulation run, described in this section, was made on a CDC 6400

machine at the Smithsonian Institution Astrophysical Observatory in Cam-

bridge, Massachusetts. The control cards used were:

TACOM, ABBA, CM100K, T600. R. FISH, FOSTER-MILLER
RUN(S)

Note --- >SETCORE (ZERO)
LGO.
CALPLT.
7/8/9

Source Deck (See the listing in Appendix A.4)

7/8/9

Data Cards

6/7/8/9

The run used 70K (octal) core, and 109 seconds of CPU time. The

cost for the run was about $18 (government rate).
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3. STEP Z: SHAKER INPUT SIGNALS FROM AXLE
DISPLACEMENT RE CORDS

In the second step of the recorded simulation control scheme, the axle

displacement records created by the vehicle simulation program are converted

to the shaker input signals through two tasks shown in Figure 9. The tasks

are:

a. Acquire the data generated by the first step and store them on an

on line storage medium.

b. Convert the records on the storage medium to time synchronized

shaker input signals.

For the control system developed in this effort, the first step involves

reading axle displacement data from the paper tapes and transferring them to

a magnetic disc unit. The data transfer is an off-line operation and needs to

be performed only once for any particular simulation data set (unless the

information is destroyed accidentally). In the data set read by the control

system, there are four elements: time, front axle displacement, middle

axle displacement, and rear axle displacement.

The second task acquires the data from magnetic disc, converts the

displacement values to analog signals using D/A converters and transmits

them at a time synchronized rate. The time synchronization is achieved by

comparing real time signals produced by a crystal clock with the stored time

values. The second task involves repeated playback of the records repeatedly

because the displacement records are of a finite length.

The following describes the hardware-software aspects of the control

system and illustrates its use through an example. Additional details of the

system are in Appendix B.

53



Input Data
From Paper
Tape to Disc

Disc
Storage

Axle

Displacement
Records on
Paper Tape

(a) Data File Creation

Data Output ront Axle
0- to D/A From

Disc. Synchro-
nized by Clock

Disc iMiddle Axle Vehicle

[:>E±Shaker

L-D/ Rear Axle

(b) Operation Control

Figure 9. Details of the Second Step of the Recorded
Simulation Control Scheme

54



3.1 Control System

3.1.1 System Hardware

The second step of the recorded simulation control scheme is

implemented using an EAI 590 hybrid computing system which incorporates

a PACER 100 (16 bit minicomputer) interfaced to an EAI 580 analog com-

puter, as shown in Figure 10. The interface is such that there is a bidirec-

tional communication and data transfer between the two computers during

parallel operation. A magnetic disc system capable of storing two million

16 bit words is connected to the digital processor via a direct memory

access channel (DMAC). Input-output by the system is accomplished through

a teletype, a printer and a paper tape reader-punch. Key characteristics of

these components are summarized in Table 4, with details of the hardware

and operations of the components left for the EAI publications listed in the

end (references 4, 5, 6 and 7).

For the example used in this manual, the displacement records

to be stored in the disc are 18 seconds long, with about 5000 time steps. The

records then need about 150K 16 bit words of storage space on the disc.

These data are time synchronized by a crystal clock prior to transmission.

The clock has a 16 bit counter register and the value stored in the register

is compared by the digital processor with the stored signal values. When

the values become equal, the displacement data are transferred from D/A

converters to the vehicle shaker input electronics. Signal outputs from the

D/A converters are bipolar (signed), have a full scale reading of 10 volts,

and are scaled such that a full scale output of 10 volts equals I foot of axle

displacement. They are retrieved from the D/A output trunks on channels

one, two and three and then fed to the shaker servo inputs through any

required signal conditioners.

In addition to initiating the basic hardware, the user also has to

make several hardware patch board connections on the analog computer. The

clock/timer requires a connection between the I KHz crystal oscillator out-

put and the clock's carry in input. Also the control program, described in

the next section, needs the I millisecond clock output to be connected to the

clock carry in input.
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Table 4. Control System Hardware

PACER 100 Computing System

* 16, 384 1 6--bit words of core memory

* Hardware multiply divide

* Priority interrupt system

* Memory protect system

• Power fail/auto restart system

* Five universal controller positions

* 1 Microsecond memory cycle

Direct Memory Access Channel (DMAC)

0 Provides for I/O concurrent with computation on cycle
stealing basis

* 1 Million words/second

Interval Timer/Real Time Clock

* Provides a high resolution 16 bit real-time clock

"* Timer update signal source for four PACER interval
timers

Disc Cartridge Controller and One Dual Disk Drive on DMAC

"* Provides 1. 1 million words of storage on one fixed platter

0 Provides I. 1 million words of storage on one removable
platter

Hybrid Device Interface 693

"* Parallel processor control

"* Logical control, sensing and interrupts

* Coefficient device setting

* Data monitoring/display

* Eight channels D/A multiplication (15 bit)

* 15 Channels A/D conversion (13 bit)

Input/Output Devices

"* High speed paper tape reader, 300 characters/sec.

"o High speed paper tape punch, 120 characters/sec.

"* Teletypewriter station (console device), ASR 33

"* Line printer, 80 column

"* CPU control front panel

Software Systems

"• MHDOS, moving head disc operating system

"* FORTRAN IV compiler

* Assembler

* BTE, basic text editor

"* CIG, core image generator

"* HOI, hybrid operations interpreter

"* COP, control options processor

"* FlU, file interactive utility

"* RTL, run time library

"* HLR, hybrid linkage routines

"* Applications software packages
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3.1.2 System Software

Two programs are required to operate the hardware described

in the previous section. The first program, called "File Builder Program,"

reads the paper tapes containing the axle displacement records, packs the

data in a buffer and writes them on a disc file as shown in Figure 9(a) (see

Appendix B.2. 1 for details). The second program, called "Control Program,"

retrieves the records from the disc storage file, loads them into D/A con-

verters and transmits them at a real-time synchronized rate. This program,

which performs Task 2 shown in Figure 9(b), is described in detail in

Appendix B. 2.2.

The file builder program loads data in blocks of 10 time steps

into the buffer before transferring them to a magnetic disc storage file. The

loading is continued until the end of the record is indicated by the buffer

filled with minus one. The data file on the disc is then rewound and the file

is scanned for bad data points. A bad data point is defined as the one for

which the time value is outside the -1 to 20 range or an axle displacement

value is outside the -1 to +1 foot range. (This definition is valid for the

example described in the next section and may have to change depending on

the time length of the records or expected values of the axle displacements.)

The file is then scanned for such bad data points, 10 time steps at a time, in

the buffer and if a bad point is found the 10 steps in the buffer are printed on

the line printer with an error message requesting the user to correct the

data point. The user has to respond with correct values for the buffer data,

which are incorporated by the program through backspacing and overwriting

the buffer back to the disc. This scanning process is continued until the end

of the disc file is reached.

The control program initializes control data and positions them

at the start of the sample. Then it waits until sense switch A, shown in

Figure 11, is turned on to begin transmission. Once the transmission is

initiated, the program continuously cycles the records until the user ter-

minates the program by turning sense switch B on. During data transmission

the program retrieves blocks of 10 time steps from the disc and loads them

into a buffer in core memory. The next operation is performed in two steps.
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Sense Switch A

Sense Switch B

-I-IIII-I-I-li- Sense Switch D

Sense Switch C

Figure 11. PACER 100 Control Panel
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In the first step, the digital values are loaded into a buffer and then supplied to

the D/A registers. In the second step, the three D/A registers, now pre-

loaded with the front, middle and rear axle displacement values, transfer

the signals through the output circuitry at the correct time. After the trans-

fer, the D/A registers are preloaded with the next time step values and the

program again waits for the correct time. The data transmission is continued

for the 10 time steps before the next block is retrieved from the disc. If the

last block has been transmitted, the disc file is rewound and the record is

repeated.

Time synchronization mentioned above is achieved by a clock-

timer which works by counting down 1 KHz pulses, put out by a hybrid clock,

from an initial value to zero. The control program compares the counter

value to the corresponding time value stored with the displacement records

and when the real-time value becomes less than the stored value, the program

allows the transmission to take place.

3.2 User Instructions

Instructions for using the control system in terms of commands and

operations required to execute the file builder program and the control pro-

gram are described in the following. Details of the commands used in com-

munication with the operating system are, however, not discussed because

they can readily be found in the EAI reference manuals (reference 4, 5, 6

and 7). Also the procedures for program editing, compilation and load

module generation are not discussed here, but are presented in Appendix B.3.

There are certain assumptions made in developing the software and

user instructions for the control system:

a. The time values to be stored are less than 20 seconds (i.e.,

record length is < 20 seconds).

b. The values of the axle displacements are between +1 foot.
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c. The number of time steps is less than 30, 000.

d. The interval between the time steps is more than 2 milliseconds.

The first two assumptions are used to detect bad data points when the

file builder program scans the input data. The third assumption ensures

that the disc storage space will not be filled up and the final assumption pre-

vents the time synchronizing devices from losing synchronization. The first

two restrictions are easy to change by appropriately altering the file builder

program. But the last two restrictions cannot be changed easily because of

the limitations of the existing hardware.

3.2.1 File Builder Program Operation

The file builder program (described in Appendix B.Z.1) reads

the axle displacement records from paper tapes, stores them on disc, prints

them (optional), and scans them for bad data points. Before executing the

program, however, the user must initialize a disc file, for the program out-

put, on logical unit Z2 via a command input to the operating system:

Example #N, FILEl, 21, 3, 130

where

#N = command to monitor to create a disk file

FILEI = name given to file

21 = logical unit file created on

3 = file type, data file = 3

130 = words/record for data file in octal

D = carriage return.

The user must then load the core image file of the program from disc into

core memory:

Example #L, FILEBLD, 22

61



where

#L = calls loader program

FILEBLD = name of file builder core image file

22 = logical unit number used by loader in octal. (Do not use
21, because it is already used in the previous step.)

Execution of the loaded program requires input of the executions address:

Example #G, 1000

where

#G = command to link to execution address

1000 = standard execution address, octal.

Control of the computer is now transferred to the file builder pro-

gram and a message is printed by the program to notify the user that it is

ready for execution. The user then positions the paper tape in the reader,

sets the data (sense) switches to implement the option he wishes, and hits the

console carriage return to initiate execution. The message and the data

switch options are:

"FILE CREATION PROGRAM"
"SET DATA SWITCHES A-D"
"HIT CARRIAGE RETURN TO EXECUTE."

User response:

DATA SWITCH A (ON) = List data as input
DATA SWITCH B (ON) = End program (at any point)
DATA SWITCH C (ON) = Pause before input each step
DATA SWITCH D (ON) = Skip input and go to scan (see Figure 11).
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During execution of the program, the axle displacement records

are read from paper tape and stored in a buffer in memory. After data for

10 time steps have been read, the buffer data are transferred to the disc file

(formats for data input and storage are in Appendix B.4). The program con-

tinues the process until it encounters a time value of -1*. When a -1 is

detected, the program asks the user if he wishes to store the value to mark

end of the record or treat it as the physical end of the tape and read the next

paper tape as a continued record:

"-1 INPUT, TYPE 0 TO SKIP, ELSE I"

User response:

1 which means store -1 as data, because it is end of the record

0 which means skip -1, because the record is continued on the
next paper tape

At the end of data the user should input enough records starting

with minus one to fill out the last buffer. The disc then encounters -1 in the

last time entry, initiating the program to write an end of file mark and close

the disc file. After the file is closed the program enters the scanning phase,

in which the program checks the created file for time values outside the per-

missible values of 0 to 20 seconds, and axle displacement values outside the

plus or minus one (foot) range. For scanning operation the data are read into

the buffer and if a bad value is detected, the data in the buffer are printed on

the line printer. Also, a message is printed at the console device asking for

the bad data's buffer position and new value:

"INPUT ID # OF BUFFER TO CHANGE AND NEW VALUE, 12,
E1Z. 5"

"ID. GE. 41 STOPS"

*Using -1 indicator this way allows the user to stop the tape input at physical
end of a tape before the actual end of the record.

63



The user then must input the element number and a new value to correct the

bad entry.

Example 04+0.12345E+00

Which means: reset element No. 4 (rear axle displacement of the first time

step; the element numbers are assigned sequentially in the data block) to

0.12345. After the correction is made, the program prints the message again

and the process is repeated until the user indicates end of correction by

assigning a value more than or equal to 41 to the element number. The pro-

gram then backspaces the file by one block, overwrites the bad data and

resumes scanning. The scanning operation is completed when end of the file

is reached.

3.2.2 Control Program Operation

The control program obtains the displacement data from the disc

and generates time synchronized shaker input signals through the digital to

analog converters. This program requires the user to position the data file

to be transmitted on logical unit 21 (octal) and connect the hybrid clock to the

digital timer input. Positioning of the disk file is accomplished by a monitor

command input at the console:

Example #P, FILEl, 21

where

#P = command to open disk file

FILE1 = name of data file to be positioned

21 = logical unit file opened on, octal.

The clock/timer requires a jumper plug be installed from the 1 kilohertz

output of the hybrid clock to the clock/timer carry in input. Then the clock

mode controls are set to run with a frequency of 1 megahertz (details on

operation of the hybrid clock can be found in the EAI reference manuals, i. e.,

references 4, 5, 6, 7 at the end.
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Execution of the control program requires loading of the core

image file of the program from the disc and then branching to the execution

address:

Example #L, CONTPG, 22

#G, 1000 D

(These arguments are described previously.) Control of the computer is now

transferred to the control program, which prints a message to the console

device and begins testing data switch A for start of transmission:

"PROGRAM SHAKER"

"LU=2l FOR DATA FILE"

When data switch A is turned on, the program begins transmission of the three

axle displacement signals, which are brought out at the D/A. outputs on the

analog patch board. Once transmission begins the program will continue

cycling through the data set until the user terminates the program by turning

data switch B on, at which point the program prints a message on the console

device and control is returned to the monitor:

"END PROGRAM"

3.3 Illustrative Example

The axle displacement records generated by the illustrative simulation

in 2.3 are converted to shaker input signals through the instructions given in

the previous section. These axle displacement records are 18 seconds long

and include 4780 time steps.

The signal outputs from D/A are recorded on a strip chart recorder

and are shown in Figures 12, 13 and 14 along with the corresponding plots of

the displacements obtained from the simulation run. As shown in the figures,

the control system succeeds in providing outputs which are time synchronized

and are identical to the digital axle displacement records.
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APPENDIX A

DETAILS OF THE VEHICLE SIMULATION PROGRAM

The dynamic simulation program used for generating axle displacement

records was introduced in Section 2. That section also discussed use of the

program and illustrated the use with an example. In Appendix A, further

details of the computer program are provided.

A. 1 Principal Program Nomenclature

The variables used in the vehicle simulation program are defined in

this section along with the corresponding symbols used in the analysis

(reference 1). All program variables are in ft-lb-sec units except where

indicated to the contrary. (In the input-output operations, however, the

variables may not be in the standard ft-lb-sec units, as mentioned in

Section 2.2.)

Program

Variable Name Symbol Explanation

A a Half of bogie length

ABC b" Distributed (cubic) tire damping constant in
the adaptive footprint model

ADCT(I) Cose

ADDT dO Tire sector size

ADDX(I) 6x Distance of the ith tire sector periphery point
fromthe nearest ground point (See Figure A-3)

ADSDT Sin (12)

ADST(I) SinG

ADTH(I) e Angular position of the ith tire sector
(See Figure A-3)

ADTT(I) TanO

AKC k" Distributed (cubic) tire stiffness in the
adaptive footprint model
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Program
Variable Name Symbol Explanation

AL(I) Contact length for the ith sector (See
Figure A-3)

ALl(I) Contact length of the part away from the verti-
cal for the ith sector (See Figure A-3)

AL2(I) Contact length of the part towards the vertical
for the ith sector (See Figure A-3)

APHI(I) 4i Ground slope corresponding to ith sector

BS B Tire effective width

BT b Tire damping constant

B2V B 2 v Shock absorber damping constant

B2VJ Bzvj Shock absorber damping constant, jounce

BZ2VR BZvr Shock absorber damping constant, rebound

CONL L Equilibrium tire footprint length

CPHI cost

CTHETA co s E

DDEL(I) 6(0) Radial revlative velocity for the ith sector

DDEL2 52 Suspension relative velocity for front
suspension

DDEL3 3 Suspension relative velocity for middle
suspension

DDEL4 64 Suspension relative velocity for rear
suspension

DELR(I) 6(0) Radial deflection for ith sector (see Figure A-5)

DEL2 62 Suspension displacement for front suspension

DEL3 63 Suspension displacement for middle
suspension

DEL4 64 Suspension displacement for rear suspension

DELTA(I) Vertical deflection corresponding to ith sector
(See Figure A-5)
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Pro gram

Variable Name Symbol Explanation

DER(M) Derivative of the state variables

DPHI Bogie pitch velocity

DTHETA E- Hull pitch velocity

DTIME Time step, dt

DYB Yb Bogie heave velocity (positive upwards)

DYW Y Axle heave .velocityw

DYW2 Yw2 Front axle heave velocity

DYW3 Yw3 Middle axle heave velocity

DYW4 Yw4 Rear axle heave velocity

DYX(M) Terrain slope for the Mth ground point

DYO Y0  Hull heave velocity

DYZ Rate of change of ground elevation for front
wheel

DY3 Rate of change of ground elevation for middle
wheel

DY4 Rate of change of ground elevation for rear
wheel

DZPHI Bogie pitch acceleration

DZTHETA 0 Hull pitch acceleration

DZYB Yb Bogie heave acceleration

DZYWZ Yw2 Front axle heave acceleration

DZYW3 w3 Middle axle heave acceleration

D2YW4 ;iw4 Rear axle heave acceleration

DZYO Y0 Hull heave acceleration

FBT(I) Damping force, ith sector

FBS Fbs Rear stop force

FBZF FbZf Front suspension dry friction force
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Program

Variable Name Symbol Explanation

FBZV Fb2v Front suspension shock absorber force

FB3F Fb 3 f Middle suspension dry friction force

FB4F Fb 4 f Rear suspension dry friction force

FCZ Vertical force from each of the front tires,
assuming no wheel hop

FC3 Vertical force from each pair of the middle
tires, assuming no wheel hop

FC4 Vertical force from each pair of the rear
tires, assuming no wheel hop

FFS Ffs Front stop force

FHG(I) Force component parallel to ground for the
ith sector in adaptive footprint model

F-12 Fh2 Horizontal force from each of the front tires

FH3 Fh 3  Horizontal force from each pair of the middle
tire s

FH4 Fh4 Horizontal force from each pair of the rear
tire s

FKT(I) Carcass stiffness force for the ith sector
(See Figure A-51

FKZ FkZ Front suspension spring force

FK3 Fk 3  Middle suspension spring force

FK4 Fk 4  Rear suspension spring force

FNG(I) Force component normal to ground for the ith
sector in adaptive footprint model

FP(I) Pressure force for the ith sector (See
Figure A-5)

FSTOPZ Fstop2  Stop force, front suspension

FSTOP3 Fstop3 Stop force, middle suspension

FSTOP4 Fstop 4  Stop force, rear suspension
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Program
Variable Name Symbol Explanation

FSX3 Fsx3 Horizontal force at each of the bogie and
middle suspension connections

FSX4 Fsx4 Horizontal force at each of the bogie and rearsuspension connections

FSY3 Fsy3 Vertical force through middle suspension

FSY4 Fsy4  Vertical force through rear suspension

FTIME Simulation time limit

FVZ Fv2  Vertical force from each of the front tires

FV3 Fv3 Vertical force from each pair of the middle
tires

FV4 Fv 4  Vertical force from each pair of the rear tires

FXX Fh Horizontal tire force in adaptive foot model

FX2 Fx2  Horizontal force at each of the hull and front
suspension connections

FX34 Fx 3 4  Horizontal force at each of the hull and bogie
connections

FYY F Vertical tire force in adaptive footprint model
v

FYZ FyZ Vertical force through front suspension

FY34 Fy 3 4  Vertical force at each of the hull and bogie
connections

G(M) Difference between terrain and wheel slopes
for the Mth point in the rigid tread band model

GB Gb Rear stop gap

GF Gf Front stop gap

GG GG Hull CG elevation from hull plane

HS h Stop sizes

HSTOP Hstop Stiffness factor, bogie-hull (See Note 2 in Z.Z)

IB Ib Pitch inertia of bogie
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Program
Variable Name Symbol Explanation

IDAMP(I) Ground contact index
IDAMP(I) = 0 if ith sector out of ground contact

= 1 if ith sector in ground contact

IH Ih Pitch inertia of hull

IPHS Total number of ground points included in a
simulation phase

ISCHEM Adaptive model scheme number (see descrip-
tion of subroutine ADAPT, A. 2.11)

ITIRE Tire model number
ITIRE = 1 Point contact

= 2 Rigid tread band
= 3 Fixed footprint
= 4 Adaptive footprint

IXAX X axis index
IXAX = 1 if axis is TIME in plots

= 0 if axis is XREAR in plots

IXT Point numbers on plot

JFIN Total number of simulation steps

JGR Ground point number corresponding to wheel
center

JL Number of ground points in half of the contact
length

JMAX Total number of ground points in a simulation
(e.g., 5000)

JNOD Ground point number corresponding to a tire
sector

JN2 Jn 2  Jounce clearance, front suspension

JN3 Jn 3  Jounce clearance, middle and rear suspensions

JPHS Number of steps in a simulation phase

JPL Total number of points in a plot

JR Number of ground points in terrain length
equal to tire radius

JREAR Serial number of a simulation step
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Program

Variable Name Symbol Explanation

JSTP Margin at ends of a simulation phase

KZ KZ Front suspension stiffness

K3 K3  Middle and rear suspension stiffness

KPHS Ground point serial number in a simulation
phase

KSTOP Kstop Stop stiffness factor, bogie-stop (see Note 2
in Section Z.2)

KT k Tire stiffness

L2 LZ Distance from front suspension to hull CG

L3 L3 Distance from bogie connection to hull CG

LIMP Limit on number of data points in a plot

LPHS Serial number of a simulation phase

MB Mb Bogie mass

MH Mh Hull mass

MFF Total number of ground points in tire contact
length

MM Number of simulation steps before each
printing

MW Number of ground points between rear and
front wheel centers

MZ M 2  Front unsprung mass, each

M3 M 3  Middle unsprung mass, each

M4 M 4  Rear unsprung mass, each

NADS Number of sectors on each side in adaptive
footprint tire model

NADZ Total number of tire sectors = 2NADS + 1

NBACK NADS + 2

NPLT(M) Variable number of the Mth variable to be
plotted
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Program

Variable Name Symbol Explanation

NPLTM Total number of variables to be plotted

NSG(I) Difference between the ground point numbers
corresponding to the ith sector and the wheel
center

NW Ground points between rear and middle wheel
centers

NXT Number of simulation steps skipped between
each point in plots

ODYX(M) Slope of the Mth point in unfiltered terrain
profile

OTER(M) Elevation of the Mth point in unfiltered terrain
profile

PHI Pitch angle of bogie (forward pitch is positive)

PLT(M, I) Value of Ith point in the Mth curve to be plotted

PLSTP End point of plot, as measured by rear wheel
center horizontal distance

PLSTR First point of plot, as measured by rear wheel

center horizontal distance

PRESS Pi Tire inflation pressure

RAD r Tire radius

RB2 Rb2  Rebound clearance, front suspension

RB3 Rb 3  Rebound clearance, middle and rear suspensions

SB Sb Distance between bogie connection and bogie CG

SBS Sbs Distance between bogie connection and rear
stop

SDYX Sum of terrain slopes under tire contact length

SFS Sfs Distance between bogie connection and front
stop

SN n Stop stiffness factor for suspensions (see
Note 2 in Section 2.2)

SPEED V Vehicle forward speed
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Program

Variable Name Symbol Explanation

SPHI Sin P

ST(M) Terrain slope for the Mth ground point counted
from wheel rear

STGAP St Unloaded gap between stop and bogiegap

STER Sum of terrain elevations under tire contact
length

STHETA Sin ®

SW(M) Wheel slope for Mth point from wheel rear

S34 S3 4  Distance between hull plane and bogie
connection

TDEFZ Tire deflection, front tire

TDEF3 Tire deflection, middle tires

TDEF4 Tire deflection, rear tires

TER(I) YO Elevation of the ith ground point in filtered
profile

TERI Terrain elevation under a wheel center at
equilibrium

TERI2 Terrain elevation under front wheel at
equilibrium

TERI3 Terrain elevation under middle wheel at
equilibrium

TERI4 Terrain elevation under rear wheel at
equilibrium

THETA 9 Pitch angle of hull (forward pitch is positive)

TIME t Simulation time

TLENT Total tire contact length ( = ZAL(I))

TLIM Tire deflection limit

TSTIF Tstif Stiffness factor for tire (see Note 2 in
Section 2.2)

WEIGHT W Equilibrium weight on a tire
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Program

Variable Name Symbol Explanation

WTR2 Equilibrium weight on front tire

WTR3 Equilibrium weight on middle tire

WTR4 Equilibrium weight on rear tire

XC(M) Distances of the possible contact points from
wheel center vertical

XDEL dx Distance between the successive ground points

XREAR X-coordinate of rear wheel center

YB Yb Heave displacement of bogie CG

YO Y0  Heave displacement of hull CG

Yl Height of wheel center from ground reference
plane

YZ Terrain elevation at front wheel center

Y3 Terrain elevation at middle wheel center

Y4 Terrain elevation at rear wheel center

YHS The larger segment in partial contact case
(see Figure A-4)

YIl Initial height of the wheel center from ground
reference plane

YIl 2 Initial height of the front wheel center from
ground reference plane

Y113 Initial height of the middle wheel center from
ground reference plane

YII 4 Initial height of the rear wheel center from
ground reference plane

YPLT(M) Value of the Mth plot variable

YRMS RMS value of the terrain profile

YSP2 Y sp2 Initial deflection of the front suspension

YSP3 Ysp 3  Initial deflection of the middle suspension

YSP4 Ysp 4  Initial deflection of the rear suspension
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Program
Variable Name Symbol Explanation

YSTZ Initial deflection of the front tires in first
three tire models

YST3 Initial deflection of the middle tires in first
three tire models

YST4 Initial deflection of the rear tires in first
three tire models

YTER(M) Possible wheel center elevations for rigid

tread band

YW Yl Displacement of wheel center (axle)

YW2 Yw2 Displacement of front axle (shaker input signal)

YW3 Yw3 Displacement of middle axle (shaker input
signal)

YW4 Yw4 Displacement of rear axle (shaker input signal)

ZHS The smaller segment in the partial contact
case (see Figure A-4)

79



A.2 Subroutine Description

The vehicle simulation program includes 18 subroutines interfaced with

the main program as shown in Figure 5. In addition the program needs

seven CALCOMP subroutines (INITPLT, AXIS, SCALE, NUMBER, LINE,

PLOT and FIN) and one system subroutine (SECOND). Each of these sub-

routines perform specific functions and therefore the program has a modular

structure in which changes can be accomplished just by altering the relevant

subroutine and not the whole program. Table A-1 describes briefly functions

of each of the subroutines.

In order to understand the programming details of the subroutines

dealing with the tire models (POINTC, RTREAD, FPRINT, APRINT, ADORG

and ADAPT), with the vehicle model (SUSP and BOGIE), with terrain profile

(PROFILE) or with the system state equations (STEQU) a study of reference 1

is a prerequisite. Once such study has been undertaken, details of how the

models are incorporated in the computer program can be obtained from the

following. Also described in this section are subroutines DYSYS, RKDIF,

PSTORE and VPLOTS which deal with dynamic simulation and plotting part of

the program. Subroutines IOLAB, IOLABD, IOLAB2 and PROGIO deal with

the data input function of the program and are self explanatory. The rest of

the subroutines are described, beginning with Main Program.

A.2.1 Main Program

The main program acts as an interface for various functions of

the program. The first function of the program, i.e., data input, is carried

out by the main program through subroutines PROGIO and PROFILE. The

data obtained from subroutine PROGIO are converted to proper units: i.e.,

SPEED is converted from mph to ft/sec, YRMS from inch to feet, inflation

pressure PRESS from psi to psf and the distributed stiffness AKC from

lb/in. 3 to lb/ft 3 .

Index IPHS is then set equal to the dimension of array TER and

index LIMP is set equal to the Y dimension of array PLT. Index ISCHEM,

which deals with sophistication option in subroutine ADAPT (see A.2. 11) is
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Table A-i. A Summary of Subroutine Functions

No. Subroutine Primary Function Group

1 IOLAB Reads header card and writes it

2 IOLABD Reads data in F format and writes it Data
read/write

3 IOLAB2 Reads and writes header card with a line
skip

4 PROGIO Coordinates data input and vehicle
parameter printout Data

rinput
5 PROFILE Reads terrain profile and processes it

6 POINTC Calculates tire forces for point contact
model

7 RTREAD Filters profile for rigid tread band
model

8 FPRINT Filters profile for fixed footprint model
Tire

9 APRINT Divides tire in sectors for adaptive models
footprint model

10 ADORG Coordinates tire force calculation for
adaptive footprint model

11 ADAPT Calculates tire forces for adaptive
footprint model

12 SUSP Calculates suspension forces Vehicle

13 BOGIE Calculates bogie forces jmodel

14 DYSYS Coordinates dynamic simulation

15 RKDIF Co o rdinate s Rung e -Kutta int e gration Dynamic
algorithm simulation

16 STEQU Provides derivatives of state variables

17 PSTORE Stores variables for plotting

18 VPLOTS Produces plots using CALCOMP Plotting

subroutines
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normally set to I*. Index LPHS is equal to 1, indicating, thereby, that

subroutine PROFILE is called for the first time.

The main program calculates initial conditions for the dynamic

simulation from geometric relationships. Then the simulation is carried out

through subroutine DYSYS, and at the end of the simulation the main program

terminates the run.

A.2.2 Subroutine PROFILE

Subroutine PROFILE reads the terrain elevation data from data

cards and processes them according to the requirements of the tire model

being used in the particular simulation run. The reading in of the data is

accomplished in steps or "phases" in view of the limited core capacity used

by the program. The size of the phases is determined by dimensions of

arrays TER, OTER, DYX and ODYX which store various aspects of the ter-

rain data. These arrays are dimensioned 500 so that program can fit in a

reasonable amount of core space. If the terrain data has more than 500

points, the reading is temporarily halted at end of the first 500 points and

the simulation is executed until it uses up the data already read. Then

subroutine PROFILE is called again to read additional data and the process

is repeated until the simulation is carried out over the complete profile.

This phase simulation process is illustrated in Figure A-l and described

below.

Subroutine PROFILE is called initially from the main program,

and subsequently it is called from the dynamic simulation routine DYSYS.

When the subroutine is called for the first time, or indicated by LPHS,

Part 1 is executed.

*ISCHEM is set to 2 if more accuracy is required. However, if a cost
saving is desired while still employing the adaptive footprint model,
ISCHEM is set to 0.
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Part 1: The following is accomplished in part 1.

a. Terrain parameters XDEL and JMAX are read.

b. The numbers of profile intervals between the rear and the

front wheel centers (MW), and rear and the middle wheel

centers (NW) are determined. The numbers are then

adjusted to the nearest integers from the real numbers

((25)- (35)).*

c. Simulation parameter FTIME is determined from JFIN,

which is the total number of terrain ground points minus

the number of points under the truck. Incremental time

(time step) DTIME is determined from the speed of the

vehicle SPEED and the interval between the ground points

XDEL. Finding DTIME this way ensures that the vehicle

advances from ground point to ground point as the simula-

tion progresses. The initial time is set to zero.

d. Adaptive footprint initialization subroutine APRINT is

called if ITIRE is 4.

e. The three more sophisticated tire models (rigid tread band,

fixed footprint and adaptive footprint) require knowledge of

terrain elevation at JSTP ground points on either sides of

the wheel center ground point. The value of JSTP is cal-

culated thus ((45)-(51)):

JSTP = JL= Integer (CONL/Z*XDEL) +1 for fixed footprint
model

JSTP = JR = Integer (RAD/XDEL) +1 for rigid tread band
and adaptive footprint models

JSTP = 0 for point contact model

*Numbers in brackets refer to the corresponding line numbers on the left
side of the listing (see A. 4).
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The value of JSTP is then used to set margines on the ends

of a simulation phase.

f. Because the profile is read from data cards, the number of

elevation points read in each simulation phase has to be an

exact multiple of the number of data points on each card

(say 8). This is ensured by ((54)-(59)).

g. The number of points to be skipped while storing the data

for plotting (NXT) is determined from the starting and

stopping values of the plot and size of the plot array

((61)-(6Z)).

h. The profile is read and then converted to a profile with

correct RMS value ((67)-(69)) (see Note 1 in 2.Z).

i. Index JPHS, which determines the number of steps the

dynamic simulation is allowed to progress in a particular

simulation phase, is calculated by (71). This value for

JPHS ensures that at the end of the simulation phase, the

front wheel center stops before the last data point, with

JSTP margine left for computation (see Figure A-l).

Part 2: Part 2 is executed only when PROFILE is called sub-

sequently from DYSYS. The major tasks of part 2 are:

a. The part of the profile under the vehicle is converted to the

initial part of the next phase profile, because the rear part

of the truck has not yet operated on it ((91)-(92)). This

conversion establishes the first MWl (=MW+I+Z JSTP)

points of the next profile, as shown in Figure

b. The value of ITEST, i.e., the terrain data points to be

read in this phase, is adjusted so that it is divisible by the

number of data points on each data card ((78)-(83)).
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c. The value of IPHS, i.e., the total number of ground points

in this phase, is adjusted so that the number of new profile

data read in does not exceed the total data points left to be

read (85).

d. New terrain data is read (94).

e. Finally a new value of JPHS, i.e., the number of steps the

simulation is to progress in this phase, is determined

((98)-(99)).

Part 3: Part 3 is executed each time subroutine PROFILE is

called, and it accomplishes the following tasks:

a. The terrain data are transferred to a new array, OTER,

because array TER stores the filtered profile for the rigid

tread band or the fixed footprint tire models ((103)-(104)).

b. Terrain slopes at each data point is determined by (109)

and stored in arrays DYX and ODYX. Array DYX stores

the filtered slopes in the next step.

c. If the rigid tread band tire model is being used, subroutine

RTREAD is called. If the fixed footprint tire model is

being used, subroutine FPRINT is called. These sub-

routines filter the terrain profile, and store new elevations

in array TER and the slopes in array DYX.

A.2.3 Subroutine RTREAD

Subroutine RTREAD filters the profile for the rigid tread band

tire model, This task is accomplished by the following steps:

a. The diameter of the rigid tread band is divided in 2NS equal parts

of length XSEG, with value of NS not less than 4, as shown in

Figure A-2, ((11)-(15)).
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In the Figure

NS = 4
JPT(I) = -4

Rigid Tread Band
Representation
of Tire

Slope SW(I)

Node I• •/

Slope ST(I) XSEG
Terrain

P4 Ground Point J
XDEL wE-4 Ground Reference Plane

Ground Points

*TER(J) Later Stores
the Filtered Profile
and OTER(J) Stores
the Original Profile

Figure A-2. Parameters for the Rigid Tread Band Model
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b. For each node on wheel periphery, similar to node I in the figure,

distance from the wheel center vertical is calculated (18) and

stored as XT(I).

c. Slope of the tire periphery for each node is calculated (21) and

stored as SW(I).

d. For each node, the nearest groundpoint towards rear is determined

and its serial number difference from the wheel center ground point

(J) is calculated and stored as JPT(I) ((24)-(27)). The value of J

is at least JR+l, so that the rear most ground point needed for

calculation does not have an unknown elevation.

e. The slope of the terrain under node I, ST(I), is estimated by linear

interpolation of the slope values of the surrounding ground points

(37).

f. The difference between the terrain slope and the periphery slope is

calculated and stored as G(I) (40).

g. The calculations e. and f. are repeated for all 2NS+l nodes

((32)-(54)).

h. Index IS(I) is assigned value 0 for negative G(I) and value 1 for

positive G(I) ((42)-(44)).

i. If the sign of G(I) changes from positive to negative going from

node I-1 to node I, a contact point may exist between the two nodes.

For all such cases, distances of the possible contact points from

the wheel center vertical, XC(K), are determined by linear

interpolation (5Z).

j. The terrain slopes at the possible contact points are also deter-

mined from linear interpolation and stored as DYC(K) (53).
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k. Terrain elevations at the possible contact points are found by linear

interpolation from the nearest ground point on the rear and stored

in array TPT (61).

1. Elevation of the wheel center for each possible contact point is

found and stored as YTER(I), for I = 1, K (62).

m. The largest value of YTER(I), from the values calculated in the

previous step, is the actual wheel center elevation and the corre-

sponding contact point slope is DYC(I). The values of YTER(I) and

DYC(I) thus found are transferred to arrays TER(J) and DYX(J)

respectively ((67)-(72)). These values represent the filtered ter-

rain profile elevation (plus a radius bias) and the filtered profile

slope corresponding to the ground point J.

n. The steps e. to m. are repeated for ground points from JR+l to

IPHS-JR ((30)-(74)).

o. The elevations for the ground points 1 to JR and IPHS-JR+l to IPHS

are assumed to be equal to those for ground points JR+l and IPHS-

JR respectively. The corresponding slopes are assumed to be

zero ((74)-(81)).

p. Finally the radius bias is removed from the entire filtered profile

((83)-(84)).

A.Z.4 Subroutine FPRINT

The profile is filtered for the fixed footprint model by subroutine

FPRINT. This is accomplished by determining averages of the terrain ele-

vation and the terrain slope under footprint of the tire.

To initiate the filtering process, indices JL and MFF are calcu-

lated from size of the footprint length CONL. The limits for the calculation

are set from ground point number JL+l to number IPHS-JL so that there are

enough margins left when the averages at the end points of a terrain data
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record are calculated. Averages for terrain elevation and slopes are then

obtained by adding the ground point elevations and slopes under the tire foot-

print and dividing the sums by the total number of ground points under the

footprint - MFF ((13)-(22)). The averages thus obtained are stored in arrays

TER and DYX. Also, just as for the rigid tread band model, the filtered

elevations for the ground points 1 to JL and IPHS-JL+l to IPHS are assumed

to be equal to those for points JL+l and IPHS-JL respectively. The slopes

for these groundpoints are assumed to be zero ((23)-(29)).

A.2.5 Subroutine APRINT

When the adaptive footprint tire model is being used, subroutine

APRINT is called from subroutine PROFILE to divide the wheel into pie

shaped sectors and to calculate various parameters associated with the sec-

tors. In dividing the wheel into sectors, only a part of the wheel most likely

to be in contact with the ground (say *30° from the vertical) is considered.

The number of divisions are selected to be 19 (=NADZ) and the size of each

sector then is 600 /19 = 3.150. The sectors are arranged so that the center

line of the middle sector is vertical.

For each cf the NAD2 sectors, sector angle ADTH(I), i.e., the

angle made by the sector center line with the vertical, is calculated (see

Figure A-3). Other parameters calculated are sine of the angle (ADST(I)),

cosine of the angle (ADCT(I)), tangent of the angle (ADTT(I)), number of

ground points in the sector center line projection (NSG(I)) and ADDX(I)

(shown in Figure A-3). These parameters are constants and therefore they

are not recalculated during the simulation.

A.2.6 Subroutine DYSYS

The dynamic simulation part of the program is coordinated by

subroutine DYSYS. Dynamic simulation includes integrating the differential

equations describing the vehicle behavior (state equations) and providing the

results in appropriate form to various output devices. To perform integra-

tion, DYSYS calls subroutine RKDIF (described in A.2.7) which incorporates

a fourth order Runge-Kutta numerical integration scheme. The differential
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equations needed for integration are, however, stored in subroutine STEQU,

which is called four times every time step by RKDIF to obtain updated values

of the derivatives of the variables. As the integration progresses, the re-

sults are supplied to:

a. The printer (after every MM time steps)

b. Subroutine PSTORE, which stores values of the variables to be

plotted. (The plots are later produced by subroutine VPLOTS

called at the end by DYSYS.)

c. The card punch, to prepare records of the axle displacements.

Selected variables can also be stored on magnetic tape by

adding a few cards as described in A. 3. These variables can then be

processed by program SPEC.

With this introduction, the individual steps in the subroutine

are explained in the following

a. Equilibrium deflections of the tires (YSTZ, YST3, and YST4) and

the suspensions (YSP2, YSP3, and YSP4) are determined in

((29)-(38)) if any of the first three tire models are being used.

If the adaptive tire model is being used the procedure is as

follows:

(1) Initial height of the tire center, Yl, is selected to be equal to

two times the radius plus the terrain elevation under the tire

center (TER(JGR)). (See Figure A-3.)

(Z) Subroutine ADAPT is called to determine the vertical force,

FYY, on the tire.

(3) The vertical force is compared with the equilibrium weight on

the tire, i.e., WTRZ, WTR3 or WTR4, depending on the posi-

tion of the tire in the vehicle.
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(4) If FYY is less than the weight, the tire center is moved down

by 0.3 inches and the procedure is repeated from (2).

(5) If FYY is more than the weight, the tire center is moved up

by 0.3 inches.

(6) Subroutine ADAPT is called to determine FYY.

(7) If FYY is less than the equilibrium weight, the tire center is

moved down by 0. 03 inches and the step (6) is repeated.

(8) If FYY is more than the equilibrium weight, the wheel center

height is stored as YI12, YI13 or YI14 depending on whether

the tire is in front, middle or rear of the vehicle.

b. System subroutine SECOND is called (before and after the simula-

tion) to determine the wall clock time required to execute the

simulation.

c. Subroutine STEQU is called to initialize derivatives of the state

variables and other variables involved in the state equations (such

as forces on the vehicle). These initial values are then printed in

the simulation output. If the user requires plots of the variables

starting from the equilibrium values, subroutine PSTORE is also

called ((75)-(134)).

d. Subroutine RKDIF is called to numerically integrate the state

variables and generate values of the variables at the next time

step (137).

e. The variables are printed (after every MM time steps) ((126)-(131)).

The selected variables are also stored for plotting ((160)-(169)).

f. The values of time (TIME) and axle displacements (YW2, YW3 and

YW4) are stored on an intermediate tape (TAPE 8) and punched

((122) and ((179)-(191))). The intermediate tape is used so that
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more than one set of data can be stored on each card. (The data

on these cards can later be transferred to another mass storage

medium, such as paper tape or magnetic disc.)

g. Steps d. to f. are repeated for every time step until the vehicle

reaches the end of the section of the profile already read (i.e., end

of a phase of the simulation is reached).

h. Subroutine PROFILE is called to read additional profile data

((153)-(155)).

i. Steps d. to h. are repeated until end of the profile is reached, as

indicated by TIME >Ž FTIME (100).

j. If plots are requested, the plotting subroutines are initiated by

calling INITPLT. The origin is fixed by calling PLOT two times

and subroutine VPLOTS is called to generate the plots. The plot-

ting is terminated by calling FIN.

A. 2. 7 Subroutine RKDIF

RKDIF is a numerical integration subroutine which calculates

the values of the state variables at time t.4-dt, given the values at time t,

using a 4th order Runge-Kutta method. The integration scheme is sum-

marized below.

a. The iteration procedure starts with the values of the state variables

YIa Y2 . etc., at time t.

yi(t) i1 1, n

b. The slopes Dyi(t) are then determined from yi(t) by calling STEQU.

Dyi(t) = dy.(t)/dt
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dt
c. The values yil at time t + d- are then determined,

Yil-= Yi + Dy" dt/2

d. The slopes Dyi1 (t +dt/2) are then determined by calling STEQU

and using the values of Yil found in c. above.

e. The values YiZ at time t + dt/2 are then determined

Yi.2 = + Dyi dt/2

f. The slopes Dy. 2 (t + dt/2) are then determined from STEQU using

the values of yi2 found in e. above.

g. The values Yi3 at time t + dt are then determined

Yi3-- Yi + Dyi2  dt

h. The slopes Dyi 3 at time t + dt are then determined from STEQU

using the values of Yi3 found in g. above.

i. Finally, the values of the state variables at time t + dt are found

as follows

y.(t dt) = yi(t) + (Dyi + ZDyi. + ZDyi 2 + Dyi3 ) dt/6

A.Z.8 Subroutine STEQU

This subroutine incorporates the differential equations describ-

ing the vehicle motion (state equations) in terms of the state variables and

forces on the vehicle components. In order to update values of the derivatives,

subroutine STEQU obtains the current values of the state variables from sub-

routine RKDIF. From these values, forces acting on the tires, suspensions

bogie and hull are obtained by calling subroutines POINTC (for the first three
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tire models), ADORG (for the adaptive footprint model), SUSP and BOGIE.

The derivatives of the state variables are then obtained from the state equa-

tions (i.e., equation 1, 2, 4, 39, 41 and 43 in Appendix B of reference 1).

The accelerations are calculated directly from the derivatives of the state

variables, with the exception of the bogie heave acceleration which is

obtained from equation 7 in Appendix B of reference 1.

A.Z.9 Subroutine POINTC

Subroutine POINTC determines the vertical and horizontal forces

acting on each tire using the point contact tire model. For the rigid tread

band model (or the fixed footprint model) the profile is first filtered by sub-

r outine RTREAD (or FPRINT) and then the filtered profile is used to obtain

the forces from subroutine POINTC. The task is performed by the following

steps:

a. Terrain elevation and time rate of change of elevation under each

tire is determined ((20)-(25)). In these equations index KPHS

represents the ground point under the rear wheel center. Adding

NW and MW to KPHS gives ground points under the middle and the

front tires respectively.

b. The vertical forces on the tires are determined from the point

contact model equations (see reference 1, Appendix A) ((28)-(44)).

Equilibrium tire deflections YSTZ, YST3 and YST4 used in the

equations are precalculated in subroutine DYSYS.

c. The horizontal forces on the tires are obtained by multiplying the

vertical forces by the appropriate profile slopes ((47)-(49)).

A. 2. 10 Subroutine ADORG

This subroutine coordinates calculations of the vertical and

horizontal tire forces for the adaptive footprint tire model. The force cal-

culations are actually carried out by subroutine ADAPT, but they are in

terms of general displacement, velocity and force variables. These general
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variables are converted, in subroutine ADORG, to specific variables for the

front, middle and the rear tires, as summarized in Table A-2. Of these

variables, Yl (elevation of the wheel center from the ground reference plane,

see Figure A-3), JGR (ground point under the wheel center) and DYW (heave

velocity of the wheel center) are needed by subroutine ADAPT to carry out

the force calculations. Therefore, subroutine ADORG assigns these general

variable names to the specific variables for the front, middle and rear tires.

Subroutine ADAPT is called next, for each of the three tire positions and the
resulting general force variables, FXX and FYY are converted to specific

variable according to Table A-2.

Table A-2. Conversion of General Tire Variables to Specific Variables

General Variables Specific Variables

Front Tires Middle Tires Rear Tires

FYY FV2 FV3/2* FV4/2*

FXX FH2 FH3/2* FH4/Z4

YW YW2 YW3 YW4

DYW DYWZ DYW3 DYW4

YII YIIZ YI13 YI14

JGR KPHS+MW KPHS+NW KPHS

*Forces FV3, FV4, FH3 and FH4 are for tire pairs.

A.Z.11 Subroutine ADAPT

Subroutine ADAPT determines tlhe horizontal and the vertical

forces acting on tires, using the adaptive footprint tire model. There are

two parts to the calculations:

a. Geometric calculations

b. Force calculations

96



Direclion of
Motion

Tire

Wheel Center
Motion, YW
Velocity, DYWV

Rear ADDT Front of
of Tire
Tire

ADTH (I)

Ith Sector

TireN
Sectors I •

D" Z Ground Point JNOD

Deformed Shape H

of__he__ire______ _______ Ground Reference Plane

Ground Point JGR - KADDX (I) (=DV)

DELTA(I) = BV
DELR(I) = DN
ALl(I) = SN
ALZ(I) = QN
AL(I) = QS
Periphery Point is D

Initial Value of Y1 is YIl

Figure A-3. Sector Calculations for the Adaptive Footprint Model
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The geometric calculations deal with obtaining radial deflections

and contact lengths for the tire sectors in contact with the ground. The force

calculations use the geometric parameters thus determined to obtain various

force components for the tire sectors and then the total horizontal and verti-

cal forces at the tire center.

Before commencing the calculations, the storage arrays are

cleared and index IBACK is set to zero. Setting IBACK to zero indicates

that the calculations will start from the bottom sector (I=l) and progress

towards the front of the tire (see Figure A-3). After all the sectors in contact

with the ground are considered, IBACK is set to 1 and the calculations pro-

ceed along the rear of the tire.

Part 1 - Geometric Calculations ((47)-(109)) - There are three

choices of accuracy available to the user in the geometric calculations. The

choice is indicated by selecting a value of ISCHEM. For ISCHEM=O, an

algorithm with low accuracy is used, where as ISCHEM=2 indicates choice of

an accurate but expensive algorithm. Normally ISCHEM=l is used, which

means that an algorithm with an in between accuracy and cost will be used.

ISCHEM-O: The geometric relations used in obtaining the

radial deflection, DELR(I), and the contact length, AL(I) (see Figure A-3),

for sector I are approximate.

DELR(I) = DELTA(I)* ADCT

AL(I) = (RAD- DELR(I))* ADDT

These calculations also presume that the ground contact

is continuous and includes the bottom point of the tire.
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ISCHEM=l: More complex and accurate relations are

used in determining the radial deflections and the contact lengths of the tire

sectors. The accuracy is also improved by including, in the contact length

calculations, the sectors which are only partly in ground contact. However,

it is still assumed that the ground contact is continuous and includes the

bottom point of the tire.

ISCHEM=2: This scheme is identical in all respects to

the above scheme, except that the ground contact may now be discontinuous

and may not include the bottom point of the tire.

The steps involved in the geometric calculations are then

summarized in the following:

a. Sector number I is set to 1 (bottom sector).

b. Ground point number corresponding to each sector is

determined and stored as JNOD.

c. Slope of the profile under the sector is determined

from the stored data ((50)-(52)). If the sector is on

the forward side, the slope is calculated correspond-

ing a ground point ahead of the sector ground point

to improve accuracy.

d. Vertical deflection DELTA(I) is calculated (55) from

the geometric relations between the variables shown

in Figure A-3.

e. Radial rate of deformation of the sector, DDEL(I) is

determined by subtracting the radial velocities of the

two ends of the sector (56).
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f. If ISCHEM=O, the radial deflection and the contact

length are found from the approximate model

((78)-(81)) and the calculations are moved to step 1.

For this approximate model, APHI(I) is considered

to be equal to ADTH(I), and the sector is considered

to be out of ground contact if DELR(I) is negative

(see step p.).

g. For any of the following conditions, the accurate

geometric calculation algorithms tend to become

unstable and therefore the calculations are performed

according to the approximate model.

(1) IIAPHI(I) - ADTH(I)I - 7r/21 < 0.1 (radian)

(2) IIAPHI(I) - ADTH(I) + ADDT/21 - 'fI/Z2 < 0o 1

(3) IIAPHI(I) - ADTH(I) - ADDT/2I - Tr/2I < 0.1

h. For I=l, i.e., the bottom sector, DELR(I) is equal

to DELTA(I) (61). For I*l, DELR(I) is ND in Figure

A-3 and it is determined by geometric relationships

in triangles BNZ and DVZ (63).

i. If DELR(I) is positive, IDAMP(I) is set to 1 so that

the sector will be considered in damping force calcu-

lations. If DELR(I) is negative, the sector is con-

sidered for partial contact, as described in step m.

If DELR(I) is more than the radius of the tire, the

accurate algorithm is considered unstable and the

approximate algorithm described in step f. is used.

j. The contact lengths ALl(I) and AL2(I) (i.e., SN and

QN in Figure A-3) are determined from geometric

relationships in triangle OQS ((70)-(71)). If either

ALl(I) or ALZ(I) is more than DELR(I), the sector is

considered to be in partial contact as described in

step m.
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k. The contact length AL(I) is found by adding ALL (I)

and ALZ (I).

The value of I is incremented by 1, and if I is less

than the total number of sector, NAD2, the procedure

is repeated from step b.

m. The sectors which have exhibited:

(1) DELR(I) negative

(2) Either ALl(I) or ALZ(I) less than DELR(I)

are considered for partial contact ((97)-(109)). For

determining the partial contact lengths, difference

between APHI(I) and ADTH(I) is stored as DIFPT.

n. If DIFPT is negative and (1) DELR(I) is negative, the

sector is considered out of ground contact and process

moves to step p. (2) DELR(I) is positive, the sector

is considered to be in full contact and the process

moves to step k.

o. Terms ZHS and YHS are determined from the geo-

metric relations shown in Figure A-4. If ZHS > YHS,

the sector is considered to be completely in ground

contact and the process moves to step k. Otherwise,

AL(I) is found by adding ZHS and YHS and dividing the

sum by Cos (DIFPT). If AL(I) is found to be negative,

the sector is considered out of ground contact and the

process moves to step p.

p. If there is no sector-ground contact, DELR(I) and

AL(I) are set to zero. In case of ISCHEM=O or 10

no sector-ground contact means that there is no more

contact in front of the tire and the calculations are
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Figure A-4. Tire Sector in Partial Contact

102



repeated for the rear sectors (I=NBACK) by starting

from step b. ((93)-(94)). If, however, the rear sec-

tors have also been considered, as indicated by

IBACK=I (91), the calculations for Part I are com-

pleted and Part Z is executed as described below.

For ISCHEM=2, no such end of contact is assumed

and all the sectors are considered for possible

multiple contacts. Therefore, the process is trans-

ferred to step i.

Part 2 - Force Calculations ((113)-(131)) - After the geometric

calculations are completed, Part 2 of the subroutine is executed. The force

calculations considered in Part Z involve determining the pressure, stiffness

and damping forces for each sector, finding their components perpendicular

and horizontal to the ground, eliminating the negative perpendicular forces

and finally determining the inertial vertical and horizontal forces (FYY and

FXX in Figure A-5). The steps in detail are:

a. Forces FXX, FYY and contact length TLENT are set

initially to zero. These parameters are determined by

performing addition of the force components and the sector

contact lengths using a DO loop ((116)-(131)).

b. Pressure force for a particular sector, FP(I) (see Figure

A-5) is determined by multiplying the tire pressure to the

sector contact area (118).

c. Carcass stiffness force, FKT(I), is determined by inte-

grating the incremental stiffness force along the radial

deflection (121).

d. Damping force, FBT(I) is determined from the distributed

damping constant ABC and the rate of sector deformation

calculated in step e. of Part 1. If the sector is not in the

ground contact, IDAMP(I), and subsequently FBT(I), are

zero (125).
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Figure A-5. Tire Forces in the Adaptive Footprint Model
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e. Total sector force normal to the ground, FNG(I), is found

by adding the components of the pressure, stiffness and

damping forces. Since only the compressive forces can be

transmitted between the tire sector and the ground,

FNG(I)=O, if FNG(I)<0.

f. Total sector force horizontal to the ground, FHG(I) is found

similarly.

g. Vertical sector force is found from components of the

forces vertical and horizontal to the ground. The sector

forces are added to give FYY.

h. Horizontal sector forces similarly give FXX.

The end products of Part 2, and that of the subroutine, are the

vertical force, FYY, and the horizontal force, FXX, exerted by the tire on

the axle.

A. Z.12 Subroutine SUSP

Subroutine SUSP calculates the forces in the suspensions

according to the following steps:

a. Displacements and velocities of both ends of the suspensions are

required to calculate the forces. Those for the bottom ends are

available directly from the state variables YWZ, YW3, YW4 and

DYWZ, DYW3, DYW4. The displacements and velocities for the

top ends are calculated from equations 13, 16, 23, 24, 27, 28, 34

and 37 in Appendix B of reference 1.

b. Leaf spring stiffness forces are calculated from equations 10, 11,

20, 21, 31 and 32 of the reference report and leaf spring dry

friction forces are calculated from equations 14, 15, 25, 26, 35

and 36. It should be noted that the dry friction factor, FRSF, is
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assumed to be 0. 05, which means that the dry friction force is

5 percent of the instantaneous sprint force and opposes the velocity.

c. Stop contact forces are calculated from equations 18, 29 and 38.

d. Viscous damper force for the front suspension is calculated from

equation 17.

e. Finally the forces are added to give the total suspension forces

according to equations 9, 19 and 30. The horizontal forces are

obtained from equations 40, 42 and 44.

A.2.13 Subroutine BOGIE

Subroutine BOGIE calculates the frame stop forces and the forces

acting on the bogie.

a. The stop forces, determined from equations 45, 46, 47, and 48,

are assumed to act on the unsprung masses. This is so because

the bogie in the model represents just the inertial properties of

the suspension springs. The stiffness and the damping properties

of the spring are represented by the middle and the rear suspen-

sions. The stop forces act on the ends of the spring and therefore

on the unsprung masses at the other ends of the suspensions in the

model.

b. The horizontal and the vertical forces transmitted by the bogie to

the hull are calculated using equations 5 and 8, respectively.

A.Z.14 Subroutine VPLOTS

Subroutine VPLOTS includes the CALCOMP plotting subroutines,

which are executed to produce plots of the variables stored by subroutine

PSTORE in array PLT. The data for the Y axis of the plots are obtained from

PLT (IPLN, I), where IPLN is the number of the plot. These data are
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transferred to array A(I) in subroutine VPLOTS. Similarly the X axis data

stored in PLT(9, I) are transferred to array B(I). Number YPN, which

represents the particular variable being plotted according to the list in

Table 3, is written on the Y axis of the plot.

The rest of the subroutine consists of calling the standard

CALCOMP subroutines SCALE, AXIS, NUMBER, LINE and PLOT.

A.2.15 PSTORE

Subroutine PSTORE stores the variables to be plotted, which

are selected by the user by punching 1 in appropriate columns of card No. 56

(see 2.2). The column numbers correspond to the variable numbers in

Table 3, and are stored in array NPLT(J), J--, NPLTM, where NPLTM is

the total number of plots desired.

When PSTORE is called, the system variables available for

plotting are converted to an appropriate member in array YPLT(M), where M

corresponds to the variable number in Table 3. Then if the Mth variable is

to be plotted, YPLT(M) is converted to PLT(J,IXT) where J=l, NPLTM and

IXT is the plot point number supplied by DYSYS.

Simultaneously X axis data are stored in array PLT (9, IXT).

The X axis can either be XREAR (the X coordinate of rear wheel center) or

TIME. The user makes the selection by punching appropriately in column 41

of card 56, and thereby setting the value of IXAX.
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A. 3 Associated Programs

The programs described in this appendix can be used in conjunction

with the vehicle simulation program as described in Figure 3. Program

GRND can be used to generate a profile if such data are not available,

whereas, program SPEC can be employed to determine spectral densities

of various variables associated with the simulation.

A. 3.1 Program GRND

A. 3.1.1 Description

This program generates a ground profile in terms of eleva-

tions at specific intervals. The spectral density of the generated profile is

given by

Sy(0() A A/02 Zr < n < 2__r

=0 elsewhere

where & is a reduced frequency given by:

S= W l/V = Z / x

and X and X are cut-off wavelengths, selected to be = I-- 57 feet and X2=

Z inche s.

From the definition of power spectral density

YO = S Yf (E2) dy 1
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The details of the computation required to generate the pro-

file is available in Appendix C of reference 2 and therefore it is not repeated

here.

The parameters XX, XX1, XXZ, YY, YYl and YY2 in the

program are random numbers, selected from random number tables. These

random numbers are used to obtain PHI(K) (=0k in reference 2) and THETA(K)

(=6 'k 20/('Qk'AS2k)). The discrete reduced frequencies Qk are calculated

such that the log scale from Pi = 0.11 to 150 = 35.4 is dividedequally in

149 parts. For each frequency, n k' the profile spectral density (A/Žk2) is

determined and stored as S(K).

Subroutine EVALFN is called for each of the 5000 ground

points to calculate terrain elevation using the 150 discrete frequencies

obtained earlier. The calculated elevations are punched on data cards in an

8El0"3 format. The mean square value of the profile (SIGMA2) is calculated

by numerical integration and it is printed to help confirm validity of the

generated profile. Also printed are the total number of elevation values

which lie in each of the 40 bands of elevation magnitude, spread between -2a

(a = RMS value of the profile y/2 ) to +2a. This table is useful in deter-

mining probability distribution of the profile.

A.3.1.2 Inputs

There are essentially only two inputs to the program,

assuming that the profile spectral density shape is not changed.

a. XDEL, i.e., the interval at which the elevations are determined.

It is selected to be 0.1 foot.

b. A, i.e., the ground roughness parameter. It is selected as 0.1105,

so that the RMS value of the profile elevation is 1 foot. Since the

terrain-tire -vehicle simulation program converts the generated

profile to a profile with the user selected RMS value, the value of

A used in the profile generation program may not be changed.
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A.3.1.3 Outputs

The following are the program outputs.

a. A deck of cards with the terrain elevation coordinates in 8El0o 3

format.

b. Mean square value of the profile elevation.

c. The distribution of profile elevation (G(M)).

A. 3.1.4 Listing

Printed on the following pages.
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A. 3.2 Program SPEC

A. 3.2.1 Description

Program SPEC employs a fast fourier transform algorithm

to generate spectral densities of different variables from their time histories,

which are stored on a magnetic tape during execution of the vehicle simulation

program (see Section A. 3.2.2 for details). These time histories are read

from the tape and stored in array F(I). These data are processed in the fol-

lowing ways before determining the spectral densities:

a. The number of discrete values in each time history is reduced to

4096, because it is more convenient to process 2N points using the

fast fourier transform algorithm. Usually the last 4096 (=212)

points are selected so that effects of the start up transients are

reduced while performing the fourier analysis.

b. The time histories are processed by a cosine taper window (see

p. 325 of reference 3) to reduce effects of leakage and the

processed data are stored in array A(I).

After processing the time histories, subroutine FFT is

called to carry out the fourier transformation. The results are returned

through array A(I) in form of complex fourier transforms. The transforms

are converted to spectral densities for each of the 4096 frequencies using

equation 9.134 of reference 3. This information is condensed in terms of

spectral densities for a set of discrete frequencies FR(I) which are evenly

spread on a logarithmis scale from wavelength XDEL (profile elevation

interval) to 4096 XDEL. For this condensing operation the spectral densities

around each of these discrete frequencies are averaged. All the spectral

densities are also divided by a factor 0. 875 to compensate for the effects of

the cosine taper window (reference 3, p. 327).

Finally, an approximate value of RMS for the variable time

history is calculated by adding average areas under the spectral density

curve.
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A. 3.2.Z Input

The input to the program is in form of a tape and a data card

a. Tape - This tape stores time histories of the variables generated

by the vehicle simulation program. It can be created by inserting

statements, such as the following statements, at the two places

marked by commend cards in subroutine DYSYS of the program.

Place 1

C STATISTICAL PROCESSINg OPTION , SEE DESZRIPTION OF PROGRALI SPE': IN
C THE USER MANUAL FOR THE CARDS TO 37E INSERTED HERE FOR
C EXCERCISING THE OPTION
C NCJR IS THE TOTAL NUMBER OF VARIABLES SELECTED

85 NCUR=IO
FV42,.FV4/2.

FH42=FH4/2.

WRITE (9,173) NCUR, SPEED, ITIRE, YRMS
WRITE (9, 174) YWZ,YW3, YW4, FVZ, FV42, FHZ, FH42, DZYWZ,

DZ YW4, DZ YO
173 FORMAT (1X, 12, El0.4, 12, Fl0.4)
174 FORMAT (IX, 10ElZ.4)

Where tape 9 is used as a storage tape and it is specified as so in

the program.

Place Z

G STATISTICAL PROCESSIN3 OPTION , SEE ODS3RIPTION OF PPOGR<AM SPEC IN
i40 C THE USER M•ANUAL FOR THE CARDS TO 6E INSERTED HERE FOR

C EYZERCISIrIG THr OPTION
F.J42=FV4/2.
FH42=FH4/2.

WRITE (9,174) YWZ, YW3, YW4, FV2, FV42, FH2, FH42, DZYWZ,
D2 YW4, DZ YO

b. Data Card - The total number of points in each of the time histories

is needed in 16 format (this number is available as TOTAL STEPS

in the vehicle simulation program output).
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A.3.2.3 Output

The program output consists of (a) the spectral density values

for a set of reduced frequencies, (b) the corresponding values of spectral

densities for the frequencies in Hertz, (c) log values of all the spectral

densities.

The printout is repeated for each of the NCUR variables.

On the top of each set tire model no., speed, RMS value of the terrain profile,

and the variable serial number are printed. The approximate RMS value of

each variable is printed at the bottom of the set.

A.3.Z.4 Listing

The following is a listing of the program.
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APPENDIX B

DETAILS OF THE CONTROL SYSTEM

Details of the control system software included in this appendix

supplement the discussion in Chapter 3.

B. 1 Principal Nomenclature

A/D - Analog to digital converter. A hardware input device
which converts analog voltages to digital (binary)
number for computer utilization.

ASCII - American standard code for information interchange.
A binary coding standard for representing characters
and symbols in digital form.

Console Device - An I/O device which is the normal operating system
communication channel between the user and the
computer.

Core Image - The binary version of a program in a form that the
computer can directly execute.

CPU - Central Processing Unit. The hardware in a computer
that controls system operation and performs logical and
arithmetic operations.

D/A - Digital to Analog converter. A hardware output device
which converts digital (binary) numbers into analog
voltages.

DAM - Digital to Analog Multiplier. A special type of D/A
which multiplies a D/A output by an analog voltage
reference.

Data Switches - A group of eight switches on the computer front panel
(Sense Switches) which can be set on or off and tested by the computer

for logical processes. (See Figure 11.)

DMAC - Direct Memory Access Channel. A hardware device
which allows high speed (one million words/second)
transfer of data to and from the computer memory
without effecting the CPU.

EAI - Electronic Associates Incorporated. Company which
supplied the hardware for the control system.
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EOF - End of File. A code which the computer recognizes as
the end of a set of data.

EOR - End of Record. A code which the computer recognizes
as the end of a discrete record in a set of data.

FILE - A set of data, blocked into records and terminated by
an EOF, stored on a disk. The file is identified by a
file name and may contain programs or data.

I/O - Input-output.

K - Symbol for binary one thousand, 1024.

Logical Unit - A logical unit number (octal) associated with a data
set or an I/0 device.

Monitor - Supervisor program which controls system resources
and utility program operation. Decodes user commands
to execute operating system function.

Object Code - Binary code produced by the FORTRAN compiler or
ASSEMBLER. The object code is input by the loader
and linked together to create a core image file.

Octal - A base eight number system.

Operating System - (See Monitor)

Record - A physical or logical partition of data for input or out-
put. Typical block of data read or written during one
I/O operation.

Source - Program code written by the user for input to the com-
piler or assembler.

- Carriage return character.
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B.Z Computer Programs

The control system software incorporates two programs: (a) file

builder program, and (b) control program. These programs are described

in the following.

B.2. 1 File Builder Program

This program reads the paper tapes containing the axle dis-

placement records, packs the data in a buffer and writes them on a disc file,

as shown in Figure 9(a). The flow chart of the program is given in Figure

B-1.

B.Z.1.1 Listing

The file builder program is coded in EAI FORTRAN, and a

listing of the program appears on the following pages.
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Start

Initialize Constants
Rewind Disc-

Test On
Switch

Clear Buffer
to Zeros

~On

* TpTie Valu

oapep

Taes

*.Record

,est Off

IOn ,

Pr0n

In t
Iput

Daata

T',',No

*T =Time Value -.

on Tapes

Figure B-1. File Builder Program Flow Chart
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Output
Skip
Message

Yes Ski

(ime Steps) Fo

/Write 10 /

/Steps in Buffer/

0Yes

SClose Disc File

Clear Buffer
,Rewind File

(10 Steps) From/
Disc File toto 0

[uffer 1

Figure B-1. File Builder Program Flow Chart (Cont)
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_IDo for 10
V.I Time Steps

S... . ... Y es

T>20. •

Off

,/With Index

SMessage to •
*Axle Displacements /Console Devicel

Stored on Tapes '

0
Figure B-1. File Builder Programn Flow Chart (Cont)
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rInputIndex, Value
InNo x•

SBackspace

File 1 Block

Oe r Old

Data in File

Figure B-1. File Builder Program Flow Chart (Cont)
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C FILE HUILDER PRO(RAM
C INPUT PAPER TAPE UATA TO DISK/PRINTAND FILE PATCHER
CDATA ON PAPEP TAPL IS TEN TIME STEPS PER RECORn ON DISK
C -1.0 IN TIME SLOT MARKS END OF DATA SET
C PROGRAM REQUIRES LOGICAL UNIT 21 OrTAL 9E POSITIONED TO DATA SET
C DATA SWITCHES Ad'Ctn USED FOP PROGRAM CONTROL
C A ON PRINTS INPUT TAPE AS REAR
C B ON ENDS PROGRAMOABHORMAL EXIT
C C ON PAUSE PROG•RAM bEFORE TAPF RECORD INPUTEACH RECORD = 1 STEP
C D nN SKIPS TAPE INDUT AND LINKS Tn SCANNER SECTION
C DISK I/0 DONE VIA QMOND CALLS,44 EI.EMENTS PER RECORD
CLAST LINE OF RECORD TS ZERO

DIMENSION BUFF(IO)
LOGICAL SENSW
NTNP=2
NTYP=i
NDISK=1

7

C OCTAL 21
NPRNT=]6
NTAPE=4
WRITE(NTYPt9300)

9300 FORMAT(SX,22H FILE CREATION PROGRAMV/t
1 22H SET DATA SWITCHES A-D9/,
2 32H HIT CARRIAGE RETURN TO EXECUTE.,/)

READ (NINP,93'(J)
9350 FORMAT(IX)

REwIN0 NDISK
IF(SENSW(4)) 60 To 2100
DO 100o Ifo,10000

C CLEAR BUFFER To ZtRO
DO 50 j=150
BUFF(J)0.0

50 CONTINUE
00 100 J=1,10
K1=(J-I)*4+1
K2=-KI+3

75 I(1Q--I
IF(SENSW(3)) PAUbE
READ (NTAPE990 0) (BUFF (IJK) IJK=K! 9K2)

9000 FORMAT(F7,4,3F*8.)
IF(SENSW(1))WRITE(NPRNTt9so0) (RUFF(IJK),IJK=Ki9K2)

9500 FORMAT(5X4F1I5.5)
IF(tOf-F(K),.4,.-1,o) GO TO 106
WRITE(NrYP,•9OjO}

9010 FORMAT(5X,31H -1 INPUTTYPE 0 TO SKIPELSE It/)
READ(NINP,9020) IGO

9020 FORMAT(II)
IF(IGO.E'O.0) GO TO 75

100 CONTINUE
C DUMP DATA RUFFER TO DISK

CALL OMOND(lbtNDISKBUFF(1)UB!IFF{44))
IF(RIJFF(K1).EQ.-I.0) GO TO 2066
IF(SF.NSW(2)) GO -'o 3000

1000 CONTINUE
C END FILE 9CLOSr- UNIT
2000 ENDFILE NDISK
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C REwIND AND TEST FILE
00 2025 Ic1,44

2025 HiFFUj)=0.0
2053 REOIN) rNOISK
2100 CALL QM)NDC(I 7tO ISK,8UFF (I),,1IFF(44))
C TEST DATA To LOOK FOR BAU POINTS

D0 2200 I=294094
IFC((UFF(I).GiT.1.O).OR.(BUjFF(T).LT.-l.0)I 90O TO 2300
IF( (BUFF (1+1).C,.!1.1.0) OR- fiUFF(I*l3.LT.-l.0)) GO To 2300
!F((R:JFFU.*2).GT.1.0).OR-(UuFrcI.*2).LT.-1.ti) GO TO 2300
IFCRUJFF(I-).En.-1.O) GO To( 3600
IF(f3UF'F(!-1).l-T.-l.1).OR-(8,JFFtI-l).GT.2-0,0)) GO TO 2300
IF(SENSW(2)) GO TO *3000

2200 CONTINuE
G3O TO 2100

2300 WRT 1PN910 I 1UFT ll90
9100 FORMAT(4(?x,1e,2A9E12.5,)

240U WRITE(NTryp,922rI)
9220 FOR'4ATS54H INPUT ID =To RUFFEP To CHIANGE AND NEW VALUE912E12e5

1 /916"10 If)41 STOPS ,/)
,READ(NINP9921U) IDR'FF(ID)

9210 FORMAT(I29E~e.5)
IF(1D.GE.41) 00O TO 2450
GO To 240

245U BACKSPACE NOISK
CALL QMOND(1bNOISKRI)FFCI),BipFF(44))
GO TO 2100

3000 CONJTINUJE S
CALL EXIT
END
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B.2.2 Control Program

The control program transfers the axle displacement records

from a disc storage file to the digital to analog converters as shown in

Figure 9(b). The records are synchronized by a crystal controlled real time

clock prior to the transmission. Figure B-2 shows a flow chart of the

program.

B. 2. 2.1 Listing

An EAI FORTRAN listing of the program appears in the

pages following the flow chart.

165



SStart )

Initialize Pointers
Rewind Disc File

Swtc

[RstClock Register

nput One Block/

10 Time Steps)[

Fi ur rom Disc Fileo

Load D1A Buffer
for 3 Channels

Read Real-Time
Clock Register

Figure B-2. Control Program Flow Chart
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REndewincSwitch

t C> tr o

1Yes

T-ransmit
D/D/A

B Buffer 0u

•End of No

•File?

IRewind Disc File
,Reset Clock Register

t = clock time

t d = stored time

Figure B-Z. Control Program Flow Chart (cont)
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C TRU)CK SHAKER PROORAM
C INPUT DATA FILE MUST BE POSITIONED TO LOGICAL UNIT 21 To RUN

DIMENSION XF3UFF(l0O)#ZERO(IO)
LOGICAL SENSW
DATA ZERO/0.O '0.Oo.0,0OO.O,0.0,o.900,0O..Ob0,50.0o/
CALL QSHYIN(ILRR,580)
NOISK=17

C EQUALS OCTAL 21
NTYP1l
Nri P =2
WRITE (1TYP,90011

9001 FORMAT(15H PROGMAM SHAKER9/,2p4H LU x21 FOR DATA FILE
REWIND NDISK

C SET INTERVAL TIMER TO 30 SECONDS
TIME=30000.0
CALL QwTIMR(TIM~EIERR)

C ONE SECTOR = 88 16 b.1T WORDSVOR 11 TIME STEPSRUT lO/RECOPD USED
C INPUT ONE SECTOR Tn ABUFF

CALL Ql.¶OND(11#NDISKXBUFF(1),xr~1jFF(44))
C INITIALIZE POI1NTERS

IPNT=1
INC=4
NSTEP=1

C SET 0/A LINES TO LERO
C4LL QWtHOAR(Zt.RD,0,79IEqRH
CALL QSTDA

C DISABLE ERROR4 MESSAGES AND WAIT FOR SW 1 T060G ON,TRUE
CALL otilET

C CALL LOW SPEED WAIT
no CALL QSt)LY(11,0O)
C START TRANSMISSION WHEN SENSW 1 TQtiE9ON

IF(SENSW(1l) 6fl To 75
Go To 50

75 CALL Q4TIMR(TIMEtIERR)
C SYNC TO PROGRAM AND CLOCK
100 Do 200 1=1,NSTEP
C TEST FOR EOF

IF(XRUFF(IPNT).EQ.-1.0) GO TO 300
C LOAD 0/A B3UFFER WITH DATA

CALL QýtADAR(XHLJFF(IPNT.1),1,3,IERR)
C WAIT FOR STEP

XTIME=X'UFF (IPNT) *1000*0
150 CALL QRTIMR(RTIMEIERR)

IF(TIME-RTIME-XTIME) 150,160v160
C AFTER CLOCK SYNC TRANSM.IT DATA OUT D/A LINES
160 CALL QSTDA

IPNT=IPNT+INC
C TEST SENSW ý) FOR LND. PROGRAm

IFCSENSW(2fl 0O To 5000
200 CONTINULE
C GET NEXT RECORD FROM DISK
210 CALL QMONDC17.NDIISKXBUFF(1JXRUFF(44))

IPNT=l
Go To 100

C END OF DATAREWINL) DISK AND RESTART
300 REWIND NDISK
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CALL QWTIMR(TIME#IERR)
IREC=O
GO TO 210

C PROGRAM END ON SENSW t LINK BACK TO MONITOR
Co000 WRITE(NTYP99 10)
9010 FORMAT(12H END PROGRAM

CALL EXIT
END
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B. 3 Program Generation Details

How to create a core image version of a program is explained in this

section. Several details of the operation are not included in the description

because they are readily available in the EAI reference manuals (reference

4, 5, 6 and 7). The core image is generated according to the following three

steps:

a. Creation of source program file with BASIC TEXT EDITOR

program

b. Compilation of source program using the FORTRAN compiler

c. Generation of core image file with CORE IMAGE GENERATOR

program.

A diagram of the process is shown in Figure B-3.

B. 3. 1 Source File Generation

The source file creation step requires a number of operations

by the user. First, the source input is punched on paper tape in a form

required by the text editor. (See reference 6.) Then the disk file for the

source storage is created with a monitor command, and the Basic Text Editor

is loaded and executed. The complete procedure is outlined below:

#N, SOURCE, 22, 0

where

#N = create file entry command

SOURCE = file name

22 = logical unit number of file opened, octal

0 = identifies source file type.
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SEditor Fl

ImImag
File Generator

Figure B-3. Program Generation Sequence
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#L, BTE, Z2

where

#L = load file command

BTE = file name of basic text editor

21 = logical unit number for loader.

#R, ZZ0, 422, 17777•

where

#R = set hardware register command

220 = command input = console and list output = printer

422 = text input = paper tape and text output = disc

17777 = buffer memory space (see reference 6).

#G, 1000

NNN, B input NNN lines of program

W -write buffer to disc file

F •write end of file mark

M •return to monitor.

If changes in the source code from the paper tape version are required they

would be done with the editor before the write (W•) instruction. (See

reference 6. )

B. 3. 2 Program Compilation

The FORTRAN compiler inputs code from the previously

created source file and creates an object file which the program loader

requires. An object file for the compiler output must be created before

exe cutio n.
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Example #N, OBJECT, 23, 1

where

#N = create disc file

OBJECT = name of object file

23 = logical-unit for compiler output

1 = identifies object file type.

#P, SOURCE, 2ZZ

where

#P = open disc file

SOURCE = file name from text editor output

22 = logical unit number for source input.

#L, FORTR, ZlZ; (FORTR = compiler file name)

#R, 2070Z, 41162Z

where

#R = register set command

20702 = non-standard compiler options

41162 = source, object, list logical units. (See
reference 4)

#G, 1000D

If the program compiles correctly, the object file OBJECT is ready for input

by the core image generator.
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B. 3.3 Core Image Generation

The core image generator takes the user's object file and

links it with the required system subroutines. However, before initiating

the process, an output file must be created and the object file positioned:

Example #N, CORIMG, 23, 2

where

#N = file creation command

CORIMG = file name of core image

23 = logical unit file opened on

2 = identifier for CI file type.

#P, OBJECT, 22

where

#Pm = command to open disc file

OBJECT = name of object input file

22 = logical unit number of file.

#L, CIG, 21

where

#L = loader command

CIG = file name of Core Image Generator

21 = logical unit number for loader.
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#R, , 101000, 23000

where

#R = register setting command

101000 = non-standard options, standard execution address

23000 = logical unit output = 23, zone zero starts at 000

G, 10 0 0 exe cute

#F, OBJECT, 22:: force load object file to output

#L, LINKN, 24 - library load (selective) required subroutines from
hybrid linkage library

# L, RTL, 24 library load (selective) required subroutines from
run time library

#M •close file on disc and return to monitor.

The program can now be loaded from disc and executed with a single load

command as described in 3. 2.
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B.4 Data Storage Formats

Axle displacement records are obtained by the system from paper tapes

punched in ASCII standard eight level tape format. Corresponding to each

time step, there are four elements punched on the tape, i.e., the time value

(seconds), front axle displacement (feet), middle axle displacement (feet),

and the rear axle displacement (feet). These data are in FORTRAN format

F7.4, 3F8.5 (see 2.2.2.3), therefore, typical data look like:

Example 01.2345, Time

+0.12345, Front axle

-0.98765, Middle axle

+0.34567, Rear axle

Counting the characters in the above show that each time step requires

31 frames of paper tape. These values are stored in memory and on disc as

32 bit real numbers, therefore, data for each time step require eight 16-bit

words of storage (specific details on storage can be found in EAI publications,

i.e., references 4, 5, 6 and 7).

When these data are transferred to a disc storage* file they are for-

matted such that each sector (largest block of data that can be transferred

in one operation) is 88 16-bit words. This allows up to 11 time steps to be

packed into each sector. The program actually stores 10 time steps or 40

values, with four zeros at the end to fill up the sector.

Example 1 00. 0000 + 0.12345 - 0. 98765 + 0.34567
2 00. 0039 + 0.12201 - 0.98321 + 0. 34921

One
. • Sector

10 00 0451 + 0.10310 - 0.93415 + 0.39216

11 00. 0000 00. 00000 00. 00000 00. 00000
EOR

* Input/output with disc storage is carried out by calls to the monitor by a
system routine QMOND, details of which are available in reference 4.
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The full data file then consists of a chain of blocks, 10 steps each, with the

final block containing -1. 0 fill up elements to the EOR.

Example

EOR
18.0000 + 1.00000 - 0.01023 + 0.97510

0.0 0.0 0.0 0.0
EOR
18.0040 + 0.95610 - 0.020501 + 0.96321

-1.0000 - 1.00000 - 1.00000 - 1.00000 Marks end
-1.0000 - 1.00000 - 1.00000 - 1.00000 of file
EOR
EOF (End of Disc File)

Employing -1 indicators allows file lengths to be changed without altering the
programs, as long as the end of the file is marked by a series of -1.0.
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